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NOTE  BY  THE  EDITOR. 

The  last  page  proof  of  Vol.  X  has  been  corrected.  The  preliminary 
matter  preceding  the  papers  and  discussions  was  not  delivered  to  me  until 
nearly  everything  else  had  been  printed.  It  is  now  seen  that  two.  more 
pages  were  allowed  for  this  matter  than  was  necessary.  Hence,  I  will 
occupy  a  portion  of  this  space  with  a  note  of  explanation. 

The  entire  page  proof  is  now  in  the  hands  of  the  printers  and  most 
of  the  sheets  for  the  complete  edition  of  the  volume  have  been  printed. 
The  best  that  could  be  done  now  would  not  give  us  the  bound  volumes 
before  the  ist  of  September  and  it  is  doubtful  if,  even  with  a  good  deal 
of  prodding,  we  can  get  the  volumes  through  the  bindery  before  the 
middle  of  September.  This  must  seem  to  our  members  an  unnecessarily 
late  date — and  it  certainly  is.  The  Volume  of  Transactions  ought  to  be 
in  the  hands  of  the  members  of  the  Society  within  four  months  after  our 
annual  meeting.  How  can  this  be  accomplished?  The  editor  should  be 
appointed  by  the  trustees  at  the  time  of  the  meeting  in  February.  All 
papers,  drawings,  etc.,  presented  at  the  meeting  should  be  immediately 
delivered  into  his  hands.  Papers  not  completed  should  be  delivered  to 
him  prior  to  April  ist  or  go  over  to  the  following  year.  Work  upon  the 
ink  drawings  and  engravings  and  the.  printing  of  the  papers  in  galley 
proof  can  be  begun  early  in  February.  By  the  time  the  stenographer's 
transcript  of  the  discussions  is  received  and  corrections  have  been  made 
by  the  speakers,  most  of  the  other  matter  can  be  in'  type.  The  volume 
could  thus  be  issued  by  June  ist. 

Contract  with  me  to  edit  the  transactions  was  made  April  17th,  and 
on  April  20th  there  was  delivered  to  me  the  stenographer's  transcript  of 
the  discussions  and  such  of  the  papers  as  were  in  the  hands  of  the 
secretary.  Many  of  the  papers  could  not  be  obtained  until  June,  and  three 
or  four  of  the  papers  were  not  given  to  me  until  July.  None  of  the  delay 
in  getting  out  the  Volume  is  chargeable  to  me  except  such  as  has  come 
from  inexperience  in  handling  the  job,  but  reviewing  the  whole  matter 
now.  T  am  prepared  to  say  that  with  an  editor  who  is  free  to  give  his 
time  to  the  work  and  who  receives  his  appointment  in  due  season,  the 
Volume  of  Transactions  could  be  made  ready  for  distribution  some  time 
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in  May.     In  making  this  statement  1  do  not  depreciate  the  amount  of 
work  involved,  for  I  have  found  this  more  than  I  supposed. 

The  best  results,  of  course,  as  has  been  pointed  out  by  Prof.  Orton, 
would  be  obtained  by  a  secretary  paid  to  give  his  whole  time  to  the  affairs 
of  the  Society;  but  as  Prof.  Orton  could  not  be  secured  for  this  position, 
even  were  the  Society  able  to  pay  an  adequate  salary,  and  as  the  Society 
cannot  afford  to  lose  the  services  which  he  seems  Willing  to  give  it  gratis, 
it  is  the  plain  duty  of  the  Society  to  relieve  Prof.  Orton  of  as  much  of 
the  clerical  and  routine  work  as  he  can  hire  others  to  do,  even  though  it 
may  necessitate  an  increase  of  our  annual  dues.  After  my  experience  in 
editing  Vol.  X,  I  want  to  say  that  I  consider  it  an  imposition  for  the 
Society  to  place  this  work  upon  Prof.  Orton,  a  man  burdened  with  so 
many  duties,  but  whose  enthusiastic  interest  in  the  welfare  and  progress 
of  the  Society  might  lead  him  to  overstrain  his  powers. 

I  should  say  in  conclusion  that  this  note  is  inserted  at  the  last  moment 
to  save  blank  pages,  and  without  the  knowledge  of  Prof.  Orton,  who  is 
in  Colorado. 

W.  D.  Richardson,  Editor. 
Columbus,  Ohio..  August  19,  1908. 
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Carter  Encaustic  Tile  Works. 

Technical  Assistant  to  Managing  Di- 
rector, Farnley  Iron  Company. 

Ingenieur  des  Arts  and  Manufacture 
Theo.  Havfland,  Porcelain  M'f'y. 

Director,  Ceramic. School. 
Ceramic  Ceramist. 

Technical  Director,  Haviland  &  Co. 
Manager,  Christchurch  Brick  Co. 


193   Tuam   St.,   Christchurch,   N«7r  Zealand. 

Jenkins,  Newku-  Sill,  D.  D.  S., 

Avenue  del  Opera  6,  Paris.  France. 


Kawara,  Saburo, 

64   Higashikata  Machi. 

Nagoya,    Japan. 

Keppler,  Gl'stav,  Ph.,  D., 

Koerner.strasse    6    II. 

Hannover,  Germany. 

Marson,   Percival, 

Stourbridge,  England. 

Mellor,  J.  W.,  Ph.  D., 


Chemist,  Morimura  Brothers. 


Imperial  Technical  High  School. 


Consulting   Ceramist,    112    High    St., 
Amblecote. 

Instructor  in   Pottery  and  Porcelain, 


Tunstall.    Staflfordwhire,    England.    Victoria  Institute. 


Millar,  Jno  B., 

Toronto.    Canada. 

Olsen,  Norman. 

Palermo.   Sicily. 

Page,  Edwin   Percival, 

Stourbridge,  England. 


Supt.,  Don  Valley  Brick  Works. 


Asst.  Mfiir.,  The  Manifattura  Ceram- 
ica  Florio. 

Drare:htsman.   E.   J.   &  J.   Pearson's, 
Ltd. 
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Ramsden,  Cyril  E.,  Technical  Director. 

Hazelwood'  House,  Mount  Pleasant, 
New  Castle,  England. 

Rum,  Bellow,  H.  A.,  Formerly    Chief    Research    Chemist, 

Address   unknown.  Leeds   Fire   Clay   Company. 

Russell.  Joseph,  Brick  Manufacturer. 

1302  Queen  St..  B.  Toronto,  Can. 

SiMONis,  Max.  Ph.  D.,  Chemist,  Royal  Porcelain  Mfg.  Co. 

Berlin,   Germany. 

Sweet,  George  A.,  F.  G.  S.,  "The  Close,"  Wilson  St. 

Brunswick,   Victoria,   Australia. 

Taylor,  Edward  H.,  Director  Ruskin  Pottery. 

26   Highfleld    Road. 
Edgrbarton,    Birmingham,    Ensrland. 

Thomas,  Charles  William,  Director,  E.  J.  &  J.  Pearson,  Ltd. 

Pedmore,  near  Stourbrigrde, 

England. 

Villalta,  John  F.  R.,  Agent,  American  Clay  Working  Ma- 

Barcelona,    Spain.  chinery  Company. 
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RESIDENT  ASSOCIATE  MEMBERS. 


AcHEsoN,  Edward  Goodrich, 
Niagara    Falls,    N.    Y. 

Allen,  Wi;-liam, 

Bast  Liverpool,  Ohio. 

Anderson,  William, 
Trenton,  N.  J. 

Applegate,  D.  H.,  Jr., 
Red  Bank.  N.  J. 

Alrich,  John  C, 
Pittsburg,  Pa. 

Alrich,  William  Morris,  B.  Sc, 
Pittsburg,   Pa. 

Averill,  William  A., 
Champaign,    111. 

Bailey,  Roy  J., 

Alfred,    N.    Y. 


President,  The  Acheson  Company. 


Clay  Salesman. 


Foreman,  Equitable  Pottery. 


Manager,  Crescent  Brick  Company. 


Manager,  Star  Encaustic  Tile  Co. 


Treasurer,  Star  Encaustic  Tile  Co. 


Student,  School  of  Ceramics  in  Uni- 
versity of  Illinois. 

Student,  New  York  State  School  of 
Clayworking  and  Ceramics. 


Bell,  M.  Llewellyn,  B.  Sc, 

481  Smith  Ave..  Wllklnsburg.  Pa. 


Black,  Jno.  W., 

Houghton.  Mich. 

Blair,  William   P., 
Terre  Haute,  Ind. 


Manager,  M.  Van  Orden  Company. 


Secretary,     Terre     Haute     Vitrified 
Brick  Company. 


Bloom  FIELD,  Charles  A.,  Dealer  in  Clays. 

p.   O.   Box   413.   Metuchen.    N.   J. 

Bonnet,  Frederick,  Jr.,  Ph.  D.,         Instructor    in    Chemistry,    Worcester 
16  Ha  ward  St.,  Worcester,  Mass.    Polytechnic   Institute. 


Bowman,  Robert  K., 
Trenton,  N.  J. 

Bowman,  William,  J.  J.,  C.  E., 
Trenton,  N.  J. 

Bragdon,  William  V., 

537   Bayne   Ave.,   Bellevue,   Pa. 

Britton,  Dr.  Charles  P.*, 
Trenton,  N.  J. 


Treas.,  Trenton   Fire  Clay  &  Porce- 
lain  Company. 

Trenton  Fire  Clay  &  Porcelain  Co. 


Star  Porcelain  Works. 
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Bryan..  Merrill  L., 

613    Quindaro    Boulevard, 

Kansas  City,   Kans. 

Burr,  Francis  T., 

160  Nassau   St..   New  York. 


Mgr.,  Richmond  Kaolin  Company. 


Campbell,  Augustine  R.,  Clay  Dealer. 

80   Johnson    Ave.,    Tottenville,    S.  I..   N.   Y. 


Carder,  Frederic  R., 
Corning,    N.    Y. 

Cawood,  Richard  L., 

E^ast    Liverpool,    Ohio. 

Ch.\se,  March  F.,  B.  Sc, 
Depue,    Ills. 

Child,  J.  L., 

FIndlay.  Ohio. 


Manager   &   Chemist,    Steuben   Glass 
Works. 

Manager,     Patterson     Foundry     and 
Machine  Company. 

Gen'l  Supt.,  Mineral  Point  Zinc  Co. 
Ceramic  Student. 


Clark,  Thomas  W.,  E.  M.  (in  Cer.)  Supt.,   Hydraulic   Pressed   Brick   Co. 
Ironspot.    Ohlo- 

CoATES,  Charles  Edward, 

1312  6th  St..  S.  W.. 

Washington,    D.    C. 


Cobb,  Robert  Weeks,  B.  Sc, 
South  Amboy,  N.  J. 

Corns,  Albert  W., 

Wellsville.    Ohio. 

Cory,  C.  B., 

Syracuse,   N.   Y. 

Cowan,  Lou.  A., 

Cannonsburg,    Pa. 


Ceramic      Chemist,      South      Amboy 
Terra  Cotta  Company. 

Manager,  McNicol  &  Smith  Co. 


Vice  President  and  General  Manager 
Iroquois  China  Company. 

Manager,      Decorating      Department 
Cannon sburg   Pottery. 


Cowan,  R.  Guy,  B.  Sc,  (in  Cer.) 

2  Trust  Bldg.,  Cannonsburg,  Pa. 


Crook,  Charles  M., 

Youngstown,    Ohio. 


General    Manager,    Bessemer    Lime- 
stone Company. 


Crossley,  George  C,  Asst.  Gen.  Mgr.,  The  Crossley  Mfg. 

P.  O.  Box  483,  Trenton,  N.  J.       Company. 


Cunning,  Willis   E.. 

East  Liverpool,  Ohio. 


Assistant   Manager,   West   End   Pot- 
tery. 


Defebaugh,  Edgar  H.,  Editor  &  Publisher,  "Rock  Products." 

355  Dearborn  St..   Chicago,  HI. 
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Dobbins,  T.  Monroe, 
Camden,  N.  J. 

Earle,  William  Pitman,  Jr.,  Cr.E., 
Brooklyn.   N.   T. 


Secretary    and    Treasurer,    Camden 
Pottery  Company. 


Easton,  H.  D., 


Kentucky  Geological  Survey. 


234  Kentucky  Ave.,  Liexinffton,  Ky. 


Edgar,  David  Raymond, 
Metuchen,    N.    J. 

Eleod,  Kende, 


Assistant    General    Manager,    Edgar 
Brothers  Company. 

Chemist,  Cook  &  Company  Potteries. 


1212  Hanover  St..  Trenton.  N.  J. 

Ellerbeck,  Dr.  Wm.  Leon, 

No.   41   Hooper  BIdg:. 

Salt  Lake  City,  Utah. 

ESKESEN,    Ben  NET    K., 
Matawan,   N.   J. 

Evatt,  Frank  G-, 

Paddock    Bldg..    Boston. 


Doctor  Dental  Surgery. 


Supt.,  New  Jersey  Mosaic  Tile  Com- 
pany. 

Dealer  in  Building  Materials. 


Fackt,  George  P.,  M.  E.  (in  Cer.)    St.  Louis  Terra  Cotta  Company. 
St.  Louis.  Mo. 


Farnham,  DwiGHT  T.,  A.  B., 
Seattle,   Washl nekton. 

Ferguson,  Silas  M., 
W^elhiville.    Ohio. 

Fiddler,  Thomas  J., 

New  Brighton.  Pa. 

Fisher,  Benjamin  S., 

Union    Furnace,    Ohio. 

Fisher,  Douglas, 

Sayrevllle,    N.   J. 

FoRST,  Arthur  D.,  B.  S., 

Morrlsville,    Pa. 

Franzheim,  Charles  W., 
Wheeling:.    W.    Va. 

Eraser,  W.  B., 

Wilson  Bldg.,   Dallas,   Texas. 

Frerichs,  William  D., 

Tottenville.   S.   I..    N.   Y. 

Galloway.  William, 

3216  Walnut  St.,  Philadelphia,  Pa. 


Supt.,    Denny-Renton    Qay    &    Coa? 
Company. 


United  Stat**s  Pottery  Company. 


Supt.,  Sherwood  Bros.  Co. 


Sujpt,     Columbus     Brick     &     Terra 
Cotta  Company. 

Ceramic  Student. 


National  Tile  Company. 

Wheeling  Potteries  Company. 

General  Manager,   Fraser  -  Johnson 
Brick  Company. 

Atlantic  Terra  Cotta  Company. 
Manufacturer  of  Terra  Cotta. 
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Gates,  A.  W., 

Monmouth.  Ills. 

Gates,  Ellis  Day, 
Seattle.   Wash. 

Gates,  William   P., 
Terra   Cotta.    111. 


Secy.  &  Gen.  Mgr.,  Monmouth  Min- 
ing and  Manufacturing  Company. 

Terra     Cotta     Dept.,     Denny-Renton 
Clay  &  Coal  Company. 

American   Terra   Cotta  and  Ceramic 
Company. 


Goodwin,  Herbert,  Supt.  Willis  Manufacturing  Co. 

623  Chambers  St.,  Trenton,  N.  J. 


Golding.  Ch.\rles  E., 
Trenton,  N.  J. 

GoRSLiNE,   William   Henry, 
Culver   Road.    Rochester. 

Grady,  Robert  P., 
St.   Liouis,  Mo. 

Graham,  W.  A.  P., 

New  Brighton,   Pa. 

Gray.  Thomas, 

East    Boston.    Mass. 


Mgr..  William  Golding  •Sons  Co. 


Secy,    and    Mgr.,    Rochester    Sewer 
Pipe  Company. 

Mgr.,    St.    Louis   Terra   Cotta    Com- 
pany. 

Secy.   &  Treas.,   American   Porcelain 
Company. 

Xew  England  Pottery  Company. 


Greener,  George  Coustright,  E.  M.        (in  Cer.) 
998  Franklin  Ave..   Columbus.  O. 


Gregory,  M.  E., 

Corning,  N.  Y. 

Griffin,  Carl  H., 

Worcester,    Mass. 

GrIEBY,  WlI-LIAM    H., 
Boston.    Mass. 

GuASTAviNo,  Rafael,  Jr., 


Prop.,    Corning    Brick,    Terra    Cotta 
and  Tile  Company. 

Chemist,  The  Norton  Company. 


Pres.    and    Gen.    Mgr.,    Grueby    Fai- 
ence Company. 


Supt.,  The  R.  Guastavino  Company. 


Fuller  Bldg.,  Broadway  &  23rcl  St.. 

New  York. 


Hall.  Robert  T., 

East  Liverpool,  Ohio. 

Hamilton,  James, 
Trenton,  N.  J. 

Hardy.  Isaac  Ernest, 
Momence,    III. 

Harker,  H.  N., 

East  Liverpool,  Ohio. 

Harper,  John  Lyall, 

Niagara  Falls.   N.  T. 


Secy,  and  Treas.,  Hall  China  Co. 

Supt.,  Equitable  Pottery  of  the  Tren- 
ton Potteries  Company. 

Supt.,  Tiffany  Enameled  Briick  Co. 
Gen.  Mgr.,  Harker  Pottery  Company. 


Chief  Engineer,  Niagara  Falls  Hy- 
draulic Power  Sl  Manufacturing 
Company. 


A.  c.  s.— 2 
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Harris,  Charles  T.,  Sales    Manager,    Ludowici  -  Celadon 

156  5th  Ave.,  New  York  City.  Company. 


Hasburc,  John  W., 

244  Lincoln  Ave.,  Chicag^o. 

Hasslacher,  Jacob, 

100  William  St..  New  York. 

Hastings,  Francis  N., 
Hartford,   Conn. 

Haviland,  Paul  B., 

45  Barclay  St.,  New  York  City. 

Haynes,  Frank  R., 
Baltimore,  Md. 

Henderson,  Herbert  Barr,  B.  Sc, 
Columbus.  Ohio. 

Herold,  John  Julius, 
Zanesvllle,  Ohio. 

Hicks,  Charles  T., 
Roodhouse.  111. 

Hkgins.  Aldus  C, 
Worcester,  Mass. 

Hipp,  W.  G., 

MassiUon.    Ohio. 

HiTCHINS,    E.    S., 

Olive  Hill,  Ky. 

Hodalski,  Charles  J., 
lola,   Kansas. 

Hopler,  Thornton  M., 

New  Brunswick.   N.  J. 

Hull,  W.  S., 

Jackson,  Miss. 

Humphrey,  Dwight  Elmer, 
Peninsula,   Ohio. 

Jacquart,  Bernard, 

South  River,  N.  J. 

Jeppson,  George  X., 
Worcester.    Ma.ss. 

JoANNis  DE  Harry. 

Waterloo,  Ont..  Can. 


Dealer  in  Ceramic  Materials. 


Roessler    and    Hasslacher    Chemical 
Company. 

Hartford  Faience  Company. 


Haviland  &  Company. 


Managing  Partner,  D.  F.  Haynes  & 
Son. 

With  Edward  Orton,  Jr.,  Cone  Fac- 
tory. 

Supt.,  Roscville  Pottery  Company. 


Pres.  and  Mgr.,  Hicks  Clay  Co. 


Norton  Emery  Wheel  Company. 


Secy,  and  Gen.  l^Igr.  Massillon  Stone 
and  Fire  Brick  Company. 

General     Manager     and     Treasurer, 
Olive  Hill  Firebrick  Co. 

Fireclay  Dept..  Lanyon  Zinc  Co. 


Ceramic    Student. 


Architect. 


Ceramic   Student. 


Superintendent,    American    Encaustic 
Brick  &  Tile  Company. 

Asst.  Supt.,  Norton  Company. 


Bechtels,  Ltd. 
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JuNGE,  William  H.,  Northwestern  Terra  Cotta  Company. 

Glenview.   Ills. 

Kanengeiser,  Fred.  Ray,  Gen 'I  Superintendent  Bessemer  Lime- 

Bessemer,  Pa.  stone  Company. 

Kendrick,  J.  Lucius  S., 

1520  Grenesee  Ave..  Saginaw,  Mich. 

Kerr,  Charles  Henry,  The  Carborundum  Company. 

No.  525  Jefferson  Ave., 

Niagara  Falls,  N.  Y. 

Knote.  John  H.,  M.  Sc,  Chemist,  Olive  Hill  Fire  Brick  Co. 

Olive  Hill.  Ky. 

Koch,  Charles  Frederich,  Cambridge  Tile  Manufacturing  Co. 

Covington,  Ky. 

Koch,  Julius  J., 

3325  Caroline  St..  St.  Louis.  Mo. 

Koctt.,  William  H.,  Superintendent  Art  Pottery. 

Wheeling  Ave..  Zanesville.   Ohio. 

Krick,  George  M.,  Krick,  Tyndall  &  Co. 

Decatur.  Ind. 

Landers,  William  Franklin,  Supt.,  U.  S.  Encaustic  Tile  Works. 

Indianapolis,  Ind. 

Lawshe,  C.  Perrin,  Gen.  Mgr.,  Trent  Tile  Co. 

Trenton,  N.  J. 

Layman,  Frank  Ed.,  E.M.  (in  Cer.) 
Champaign,  Ills. 

Lewis,  Thomas  K..  B.  Sc,  Assistant       Professor,       Engineering 

Columbus,  Ohio.  '    Drawing,  Ohio  State  University. 

LiNDEROTH,  SvEN,  Alhambra  Ceramic  Works. 

No.  5842  Eli«al>eth  St..  Chicagro.  111. 

LiNDLEY,  Jacob,  Wheeling  Potteries  Company. 

Tiltonville,  Ohio. 

LIND.SAY,  Robert  D.,  Supt.,    The    Denver    Pressed    Brick 

Denver,   Colorado.  Company. 

Lines,  Edwin  T.,  B.  Sc,  Illinois  Geological  Survey. 

I'rbana,  111. 

Lloyd,  Harry.  Superintendent  Colonial  Clay  &  Coal 

New  Salisbury.  Ohio.  Company. 

Locke,  Frederick  M.,  Manufacturer  Porcelain  Insulators. 

Victor,  N.  T. 
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Locke,  Morton  Field, 
Lima.  N.  Y. 

Lowndes.  William   Bladen, 
Mt.   Savagre,  Md. 

McBean,  Athole. 

Eddy  &   Hyde  Sta., 

San  Francisco,  Cal. 

McXicoL,  John  A., 

East  Liverpool,   Ohio. 

M ADDISON,  Ernest  A., 
Auburn,    Wash. 

^LxDDocK,  Archibald  M., 
Trenton.  N.  J. 

Maddock,  John, 

Trenton.  N.  J. 


President  and  Secretary  Lima  Insula 
tor  Company. 

Supt.,  Mt.  Savage  Fire  Brick  Co. 


Secy,  and  Treas.,  Gladding,  McBean 
&  Company. 


Manager,  D.  E.  McXicol  Pottery  Co. 


President,    Northern    Clay    Products 
Company. 

Thomas  Maddock  &  Sons. 


John  Maddock  &  Sons. 


Mandle,  L,  Miner  and  Shipper  of  Pottery  Clay. 

3943  Pine  St..  St.  Loui.s,  Mo. 

Mandle,  Sidney,  Asst.    Treas.    Mandle-Sant    Clay    Co. 

3943  W.  Pine  St.  St.  Louis,  Mo. 


Manor,  Jno.  M., 

East  t^lverpool.  Ohio. 


Mgr.,  Golding  Sons  Co. 


Martin.  Peter  Wright.  Vice  Prcs.,  American  Clay  Company. 

132   Na.ssau  St.,   New  York  City. 


Mason,  P'ortunatus  Q., 
East  Liverpool.  Ohio. 


Color  Manufacturer. 


Mayer,  Arthur  Ellis.  With  Mayer  Pottery  Company. 

3rd  Ave..   New  Brighton.   Pa. 


Mellor.  F.   G., 

Trenton.  N.  J. 

Meakin,  Robert  J., 

East  Liverpool.   Ohio. 

Merry,  Carl  Emmett, 

930  W.   Illinois  St..  irrbana.   Ills 

Metzn^er,  Otto. 

Cincinnati.  Ohio. 


Gen.  Mgr.,  Cook  Pottery  Company. 
Mgr.,  Hall  China  Company. 
Ceramic  Student. 


Supt.     of     Manufacture,     Rookwood 
Pottery    Company. 


Middleton,  Jefferson,  Statistician,  United  States  Geological 

3412  13th  St..  Wa.shinfirton,  D.  C.    Survey. 
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Miles,  James,  Asst.    Supt.,    Homer-Laughlin    China 

East  Liverpool.  Ohio.  Company. 

Mitchell,  Walter  Charles,  Denny-Renton  Clay  &  Coal  Company. 

Seattle,  Wa.sh. 

Montgomery,  Earle  T.,E.M.(in  Cer) 
Columbus,   Ohio. 

Moore,  H.  W.,  Assistant    Instructor    Department    of 

96  Patterson  St..  Ceramics,    Rutgers    Scientific    Col- 

New  Brunswick.  N.  J.  lege. 

MoREY,  D.  F.,  ^^gf-.  Ottumwa   Press   Brick  &  Ccal 

Ottumwa,  Iowa.  Company. 

Morris,  W.  C,  Vice.   Pres.   and   Gen.   Mgr.,   Christy 

St.  Louis.  Mo.  Fire  Clay  Company. 

Moses,  James,  Mercer  Pottery  Company. 

Trenton.  N.  J. 

MuNSHAW,  Lambert  M.,  Ceramist,      American      Terra     Cotta 

Crystal  Lake,  Ills.  a;id  Ceramic  Company. 

Neall,  Harry  L.,  B.  L., 

2206    Hunting   Park   Ave., 

Philadelphia.    Pa. 

Ogan,  M.\rk,  General  Supt.  Douglas  Clay  Products 

3131   Pasadena  Ave.,  Company. 

Los  Angeles.  Cal. 

Ogden,  Lester.  Federal  Brick  Company. 

106   Price  St..   Columbus.  Ohio. 

OuDiN,  C.  P.,  Gen.  Mgr.,  American  Fire  Brick  Co. 

Mlca^    Washington. 

Patterson.  J.  W.,  Patterson    &    Son,    Yellow  ware    Pot- 

Wellsville,    Ohio.  ters. 

Peterson,  Rudolph  A.,  Salesman,    The    Harshaw,    Fuller    & 

Cleveland.   Ohio.  Goodwin   Company. 

Pfetffer,  Jacob.  Pres.,  Logan  Clay  Products  Company 

718  Bryden  Road.  Columbus.  Ohio. 

Phillh^s.   William.  Supt..  X.  Clark  &  Sons. 

609  Halght  Ave..  Alameda.  Cal. 

PiTZER,    G.    X., 

Cherryvale.    Kansas. 

Plusch,  Her.man  a.,  B.  Sc,  Ceramist,   Excelsior  Terra  Cotta  Co. 

Rocky  Hill.  N.  J. 

PoDMORE,  Joseph,  Ostrandcr  Fire  Brick  Company. 

Troy,   N.   Y. 
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Poole,  Joshua,  Mgr.,  Homer-Laughlin  China  Co. 

Blast   Liverpool.   Ohio. 

Pope,  Charles, 

Santiago,   Chile.   S.  A., 

P.  O.  Box  2369. 

Porter,  Alfred  S.,  Editor,    "Glass    &    Pottery    World," 

673  E.  114th  St.,  Cleveland,  O.        Chicago. 

Porter,  John  Jermain,  Chemist  and  Metallurgist. 

Observatory  Ave.,   Station  O, 

Cincinnati,   Ohio. 

Post,  Malcolm   P.,  Supt.,   Post  Sewer   Pipe  Company. 

Texarkana,  Ark. 

Powell,  William  H.,  Vice-Pres.  Atlantic  Terra  Cotta  Co. 

New   York,   N.   Y. 

Preston,  Francis  C,  Sales  Agent.  Dover  Fire  Brick  Co. 

509   Cuyahosra   Bldg,   Cleveland,   O. 

PuRiNGTON,  DiLWYN  V.,  Pres.,  Puringtcn  Paving  Brick  Co. 

Chamber  of  Commerce  Bldgr., 

Chicago,  111. 

Pyatt,  Frank  E.,  Tile  Maker. 

Box   163.   Mllltown,   N.   J. 

Ramsey,  Andrew,  Manufacturer  of  Enameled  Brick. 

Mt.   Savage,   Maryland. 

Randall,  James  E.,  Associate  Editor,  "Clayworker." 

Indianapoll.s,    Ind. 

Randall,  Theodore  A.,  Editor,  "Clay-Worker." 

Indiana poli.«i,    Ind. 

Ravnolds.  Edwin  William, 

P.  O.  Box  189,  Cleveland.  Ohio. 

Rea,  William  J„  Supt.,  Buffalo  Pottery  Company. 

Buffalo.  N.  Y. 

Richardson,  Clifford,  Ph.  D.,  Director,  New  York  Testing  Labora- 

Room   1826   Cortlandt   Bide..  tory. 

30  Church  St..  New  York  City. 

Rivers,  William   Edward,  Vice-President.  Old  Bridge  Enameled 

Old  Bridgre,  N.  J.  Brick  and  Tile  Co. 

Robin EAr,  Samtel  E.,  Editor,  "Kcramic  Studio." 

Syracu.se,   N.    Y. 

Robinson.  Edward  Wanton,  Gen.  Mgr.,  Hartford  Faience  Co. 

Hartford.    Conn. 

RoDC.ERS.  Eben.  Manager,  Alton  Paving  Brick  Co. 

Alton.   Ills. 
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ANNUAL  REPORT  OF  THE  BOARD  OF  TRUSTEES. 


Columbus,  Ohio,  February  3rd,  1908. 
To  the  Members  and  Assocuites  of  the  American  Ceramic  Society : 

We  have  the  honor  to  submit  the  following  report  of  the  Society's 
business  for  the  year  beginning  February'  ist,  1907,  and  ending  February 
1st,  1908: 

VOLUME  IX. 

Volume  IX  constitutes  much  the  largest  and  in  some  respects  the 
most  important  volume  yet  undertaken  by  the  Society.  It  contains  808 
pages,  and  five  unnumbered  illustrations,  besides  a  very  large  number  of 
other  illustrations  which  are  numbered  and  run  in  with  the  text. 

This  volume  was  undertaken  with  much  energy  and  pushed  vigorously 
for  the  first  three  months  after  the  annual  meeting.  The  articles  con- 
tributed by  Professor  Purdy  and  Mr.  Jones  were  given  to  us  for  publica- 
tion only  through  the  courtesy  of  the  University  of  Illinois  and  the 
Illinois  Geological  Survey,  and  they  required  as  a  condition  that  the 
articles  should  appear  in  print  form  in  time  for  distribution  to  the  Legis- 
lature of  Illinois,  before  its  adjournment  in  the  latter  part  of  May.  This 
agreement  was  fulfilled  fairly  well — a  good  part  of  the  printing  was  sent 
on  in  good  season,  and  proof  pages  of  all  the  balance  were  used  before 
the  legislature,  so  that  there  was  no  ill-result  due  to  the  method  or 
publication. 

On  the  completion  and  shipment  of  the  University  of  Illinois  articles, 
the  publication  of  Vol.  IX  was  necessarily  allowed  to  stand  for  six  weeks, 
while  the  other  accumulated  duties,  already  much  in  arrears,  were  given 
attention.  In  July,  after  returning  from  the  summer  meeting,  the  work 
was  again  taken  up  and  pushed  steadily  through  the  siunmer  until  Sep- 
tember 4th,  when  the  Secretary  was  again  obliged  to  give  publication  up 
for  a  time,  owing  to  the  destruction  of  his  home  by  fire,  and  necessary 
duties  in  consequence. 

In  the  first  week  of  October,  the  publication  w^as  again  taken  up,  and 
was  pushed  to  completion  the  first  of  November.  The  inordinately  long 
time  consumed  was  due  to  the  great  quantity  of  matter,  the  large  amount 
and  very  particular  character  of  some  of  the  engraving  required,  and  the 
inability  of  the  Secretary  to  devote  himself  steadily  to  the  duties  of  pub- 
lication. The  publication  was  edited  by  the  Secretary  alone  this  year,  no 
editor  or  assistance  being  employed,  and  no  fees  or  salaries  being  paid 
for  anyone  in  connection  with  the  publication. 
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Although  the  subject  of  publishing  the  Transactions  has  been  dis- 
cussed at  every  meeting  of  late  years,  and  many  suggestions  have  been 
made,  with  a  view  of  reducing  the  burden  of  this  work,  nothing  practical 
has  yet  been  accomplished.  The  Secretary  once  more  ventures  to  call 
attention  to  the  fact  that  no  hope  of  improvement  exists  until  the 
Society  is  able  to  secure  a  secretary  whose  time  can  be  paid  for  ade- 
quately, and  whose  sole  or  chief  business  must  be  that  of  advancing  the 
interests  of  the  Society.  The  truth  of  this  proposition  becomes  clearer 
year  by  year,  and  the  time  is  close  at  hand  when  the  Society  must  find  a 
means  to  secure  and  pay  such  a  person,  or  else  cease  to  grow  and  progress 
into  the  powerful  organization  which  their  years  of  hard  work  have 
brought  within  their  grasp. 

THE  FIXANXIAL  STATEMENT. 

The  statement  of  the  Society's  financial  condition  is  a  complete  trial 
balance  from  the  books,  and  shows  not  only  the  actual  receipts  and  ex- 
penditures for  the  year,  but  also  the  debits  and  credits. 

DEBITS. 
Brought  forward  from  preceding  year  $466. 51 

FROM    DUES    AND   INITIATION    FEES. 

215  associates  @  $4.00  $860.00 

37  initiation  fees  @  $5.00  185.00 

I  associate  dues  @  $3.00   3 .  00 

6  associate  dues,  1908-09,  @  $4.00  24.00 

3  associate  initiation  fees,  1908-09,  @  $5.00 15.00 

9  associate  back  dues,  1906  or  prior,  @.  $4.00 36.00 

46  members  @  $5.00  230.00 

6  members  initiation  fees  @  $5.00  30.00 

$1,383.00 

FROM    SALE   OF    PUBLICATIONS. 

17  Volume  I    $20.90 

17  Volume  II    38.40 

18  Volume  III    28.40 

18  Volume  IV   3465 

16  Volume  V    40.70 

20  Volume  VI    44.20 

13  Volume  VI I    37 .  70 

I  Volume  VII,  Part  2  i  .25 

28  Volume  VIII    85.44 

32  Volume  IX    10S.29 

42  Manuals   41.01 

12  Branner  Bibliographies  24. 20 

10  Sets  of  Seger's  Collected  Writings  ^  $15.00 150.00        655.14 

Total    $2,504.65 
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CREDITS. 

Cost  of  publishing  Volume  IX — 

Stenographic  report  $241 .00 

Illustrations,  Drawings  and  Engravings    322.21 

Printing,  Binding  and  Casing   1012. 77 

Copyright    i  .00 


$1,576.98 


Cost  of  Collected   IVritings  of  Seger — 

Paid  to  Chemical  Pubhshing  Co.  (a   $11.67  per  set. 

10  sets    116.76 

Cost  of  Running  Secretary's  Office — 

Secretary's   Assistant    159.92 

Postage,  Stationary  and  Supplies   36.63 

Insurance  on  Volumes  of  Transactions 10.00 

Freight  and  cartage  48. 14 

Convention  circulars,  notices,  and  prospectus 57.15 

Telegram .60        352.44 

Travelling  Expenses — 

Committee    on    co-operation    between    Federal    and 
State  Surveys  and  the  Society  on  Clay  Testing, 

Etc 83 .20 

S.  G.  Burt,  Delegate,  representing  the  Society  to  the 
dedication  of  the  Carnegie  Engineering  Society 

Building  at  New  York   50.00        133. 20 

Outstanding  Accounts — 

Amount  outstanding  for  dues    1 1 1 .00 

Amount  outstanding  for  Transactions    9583 

Amount  outstanding  for  Branner  Bib 6.20        213.03 

Cash  on  hand 112.24        J  12.24 


Total    $2,504.65 

This  statement  is  an  exceedingly  important  one  for  the  Society.  For 
the  first  year  in  our  history,  we  have  to  show  a  falling-off  in  our  receipts. 
This,  together  with  an  increase  in  our  expenditures,  has  well  nigh  wiped 
out  our  hitherto  comfortable  bank  balance.  The  analysis  of  the  cause 
of  this  situation  is  as  follows : 

Firstly.  Volume  JX  was  inordinately  expensive.  The  stenographic 
report  was  not  more  costly  than  usual,  but  the  illustration  of  the  volume 
cost  more  than  three  times  the  usual  previous  expense.  This  could  have 
been  avoided  in  part,  by  putting  many  curves  on  one  sheet  instead  of 
singly  and  otherwise  condensing  the  presentation,  but  not  without  distinct 
loss  of  quality,  and  danger  of  obscuring  the  facts.  The  book  as  a  whole 
is  certainly  not  over-illustrated.     The  printing  was  at  about  the  same  rate 


AMERICAN    CERAMIC    SOCIETY.  20 

as  has  been  paid  before,  but  the  large  size  of  the  book  made  the  bill 
heavy.  The  total  cost  of  Vol.  TX  is  actually  less  per  page  (1576.98-^-808= 
1.95)  than  Vol.  VIII  (914.65-7-411=2.22),  but  the  aggregate  is  72%  greater 
than  last  year. 

Secondly.  The  running  expenses  of  the  Society,  for  the  Secretary's 
office,  and  for  the  handling  of  its  business,  is  lower  than  before  (353.44 
in  1907  vs.  392.75  in  1906)  by  39.31,  so  that  no  undue  costs  can  be  charged 
to  this  department. 

Thiidly.  There  were  some  expenses  this  year  of  a  kind  not  before 
incurred,  in  the  travelling  expenses  of  our  President  to  New  York  to 
represent  the  Society  at  the  dedication  of  the  great  Carnegie  Engineering 
building,  and  the  travelling  expenses  of  the  Committee  on  Co-operation, 
which  were  recommended  by  resolution  of  the  Society  at  St.  Louis,  but 
these  items  together  only  amount  to  $133.20,  or  about  what  has  been  paid 
out  for  editorial  work  hitherto,  and  which  was  eliminated  this  year.  The 
expenses  therefore  have  not  undergone  any  novel  or  dangerous  expansion 
in  kind  or  amount:  there  is  only  just  such  a  fluctuation  as  we  may  always 
expect  from  year  to  year. 

On  the  other  hand,  the  revenues  have  fallen  away  in  a  manner  which 
merits  a  careful  study  of  the  cause.  The  total  shrinkage  in  receipts: 
for  the  year  amounts  to  $326.88,  of  which  $300.38  is  from  reduction  in 
sales  of  our  transactions,  and  $26.50  represents  shrinkage  in  the  amount 
of  money  collected  in  the  form  of  dues.  It  may  be  explained  that  the 
latter  item,  shrinkage  in  dues,  represents  failure  to  collect  dues,  rather 
than  loss  in  membership.  The  list  has  actually  increased  by  some  twenty- 
five  members,  but  there  has  been  an  increasing  difficulty  in  collecting  the 
dues,  and  there  is  now  a  larger  delinquent  list  than  a  year  ago.  Monthly 
statements  have  been  sent  to  all  delinquents,  and  every  reasonable  effort 
excepting  begging  appeals  from  the  Secretary  has  been  made  to  collect  the 
money.  It  seems  probable,  therefore,  that  we  may  lose  a  considerable 
number  of  these  members,  in  spite  of  our  efforts  to  keep  them  with  us. 

The  shrinkage  of  $300  in  our  sales  of  publications  is  the  most  seriou;? 
cause  for  reflection.  Of  this  sum  about  $100  represents  the  early  sales 
of  the  Branner  Bibliography,  but  there  wtre  about  twice  as  many  sales 
of  the  Transactions  in  1906-07  as  in  1907-08.  Inasmuch  as  no  paid  public 
advertising  has  ever  beeh  done,  and  as  the  sales  represent  only  what  can 
be  gotten  through  the  Secretary's  correspondence,  and  by  the  efforts  of 
members  of  the  Society,  it  is  apparent  there  has  been  a  good  deal  less 
effort  to  sell  the  Transzlctions  this  year  than  heretofore.  The  Secretary 
is  not  conscious  of  any  change  in  the  adtninistration  of  the  affairs  of  his 
office,  or  any  less  effort  to  sell  the  Transactions  by  correspondence.  It 
remains  to  be  found  whether  the  members  of  the  Society  have  done  their 
I*art  in  placing  the  work  of  the  organization  before  the  public. 

Considering  the  situation  from  a  more  optimistic  point  of  view,  the 
facts   show   that   the   Society  now   has   an   income   of    from  $i,8oo.do  to 
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$2,ooo.cx)  a  year,  and  that  the  expense  of  printing  a  volume  of  transactions 
of  about  600  pages  will  be  from  $1,200.00  to  $1,400.00,  and  its  administra- 
tive expenses  en  the  present  basis  should  not  exceed  $400,  which  will  leave 
a  sufficient  margin  to  cover  all  ordinary  emergencies. 

We  can,  therefore,  so  far  as  can  be  seen  or  fairly  be  expected,  con- 
tinue to  exist  comfortably  on  the  present  scale,  but  we  cannot  expand  or 
take  any  steps  toward  the  higher  field  of  usefulness  which  lies  at  our 
very  threshold. 

INCREASE   OF   DUES. 

The  Board  of  Trustees  was  requested  by  the  Society  at  last  year's 
meeting  to  consider  the  advisability  of  increasing  the  dues,  as  a  means 
of  increasing  the  revenue.  They  have  done  so,  but  after  consideration, 
voted  not  to  submit  an  amendment  to  the  Constitution  to  the  members 
at  this  election.  The  Board's  reason  for  not  taking  action  was  the  fear 
that  an  increase  in  dues  might  cause  a  decrease  instead  of  an  increase  in 
revenue.  The  whole  problem  of  increasing  the  revenue,  in  order  to  be 
abb  to  undertake  work  on  a  more  important  scale,  is  before  the  Society 
and  should  be  kept  on  the  minds  of  the  members  until  a  way  is  found. 

PUBLICATIONS. 

An  inventory  of  the  publications  has  been  taken  and  is  shown  in  the 
following  table: 


Volume  I    

Volume  II    

Volume  III     

Volume  IV    

Volume  V    

Volume  VI 

Volume  VII    

Volume  VIII    

Volume  IX    

Manual  Ceramic  Calculation  . . . 
Branner   Bibliography    

Totals    


♦Miscount  in  former  years. 

§Vol.  8  one  free  copy,  Vol.  9  eight  free  copies,  to  journals. 

tGiven  to  the  Author,  on  request. 

lOne  extra  bundle,  not  counted  in  last  year's  inventory. 
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The  volumes  are  kept  in  a  room  devoted  to  the  purpose  and  under  the 
constant  care  of  one  person.  They  are  kept  insured  in  the  sum  of  $2,000. 
Their  value  at  an  estimate  of  $3  each  for  the  Transactions,  $2  for  the 
Branner  Bibliography,  and  $1  for  the  Manual  foots  up  to  $7,851.00,  show- 
ing that  the  Society  has  a  very  comfortable  asset  stored  up  in  this  form. 
In  event  of  sudden  and  severe  financial  need,  a  considerable  sum  could 
probably  be  realized  from  their  sale  at  a  lower  price  than  the  present 
prevailing  rate. 

The  year  has  passed  away  without  any  vigorous  effort  being  made  to 
place  the  Branner  Bibliography  on  the  market.  What  is  needed  is  an 
active  business  campaign,  including  advertising,  correspondence  and  energy. 
These  requirements  seem  simple,  and  there  would  appear  no  reason  why 
it  could  not  have  been  accomplished,  but  the  fact  remains  that  the  editorial 
work  of  the  Secretary  has  been  so  heavy  for  the  current  year.  At  no 
time  has  there  been  an  opportunity  for  the  Secretary  to  take  up  the  addi- 
tional labor  of  undertaking  the  sale  of  this  publication.  The  longer  the 
matter  is  deferred,  the  more  difficult  will  it  be  to  sell  the  volume,  and  it 
is  hoped  that  some  method  of  handling  the  matter  may  be  agreed  upon  at 
thi.s  meeting. 

The  sales  of  the  Collected  Writings  of  Seger  still  continue,  though 
in  somewhat  diminished  volume ;  there  has  been  a  profit  of  about  $35  from 
this  source  for  the  current  year.  It  is  certainly  remarkable  that  the 
Society  has  succeeded  in  selling  so  large  a  number  of  volumes  of  this 
high  priced  work,  with  a  cheaper  and  incomplete  edition  on  the  market. 
Without  doubt,  the  sale  will  still  continue  for  some  years,  but  it  is  not 
likely  that  the  Society  will  derive  any  important  revenue  from  it. 

The  sale  of  the  Manual  of  Ceramic  Calculations  is  the  one  publication 
which  has  shown  an  increase  this  year.  At  the  present  rate,  the  issue  will 
be  exhausted  in  two  more  years.  The  Society  has  reason  to  congratulate 
itself  on  this  piece  of  business.  It  was  the  pioneer  publication  of  its  kind. 
Since  it  was  published,  there  have  been  two  excellent  publications  brought 
out,  one  by  Jackson  in  England  and  one  by  Pukall,  of  Germany.  It 
hardly  seems  probable  that  it  will  pay  the  Society  to  publish  another 
edition,  certainly  not  without  considerable  modification  and  the  incorpora- 
tion of  a  number  of  subjects  not  touched  upon  in  the  first. 

INDEX. 

With  the  publication  of  Volume  X,  the  total  publications  of  the 
Society,  exclusive  of  Seger  and  Branner,  will  amount  to  approximately 
4000  pages.  None  of  the  volumes  are  indexed  at  all,  and  now  that  our 
literature  is  beginning  to  be  seriously  sought  and  used  by  the  world,  the 
need  of  an  index  is  increasingly  felt.  The  index  should  be  general — ^not 
confined  to  an  author  index,  nor  to  a  subject  exclusively,  but  to  include 
both.  An  index  of  fair  quality,  without  going  into  too  close  an  analysis 
of  the  subjects,  would  run  from  200  to  300  pages.  It  could  probably  be 
prepared  for  $100.00  to  $150.00,  ready  for  printing. 
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BINDING   THE   VOLUMES. 

The  large  size  of  Volume  IX,  and  the,  impossibility  of  putting  up  a 
volume  of  this  size  adequately  or  neatly  in  paper  covers,  and  the  diffi- 
culty in  even  delivering  tlie  volumes  in  gootl  condition,  make  it  necessary 
to  bring  up  this  ever  recurring  subject  again.  The  cost  of  binding  will 
vary  from  15  to  25  cents  per  volume,  and  will  make  our  literature  far 
more  durable  and  satisfactory.  The  increase  in  cost  will  not  cut  seriously 
into  the  profits  of  the  sales  on  each  volume. 

GROWTH   IX   MEMBERSHIP. 

The  growth  i|i  membership  has  continued  good  during  the  current 
year.  Beginning  the  year  with  a  total  of  231  members  on  our  rolls  there 
are  at  the  present  time  256,  a  net  gain  of  25  members,  or  10.8%.  The  per- 
centage gain  is  less  than  that  of  the  year  preceding,  inasmuch  as  it  is 
computed  on  a  larger  number  of  persons.  There  is,  however,  a  some- 
what smaller  list  of  new  associate  members  elected  than  in  the  year  pre- 
ceding. The  number  of  full  members  has  grown  steadily,  but  very  slowly. 
The  percentage  of  full  members  to  the  total  is  18.3%.  a  few  tenths  of  a 
percent  higher  than  last  year. 

The  present  status  of  our  rolls  is  as  follows : 

Brought  forz^'ard  February  ist,  1907 — 

Honorary  members    2 

Full  members,  resident     40 

Full  members,  foreign    i 

Associate  members,  resident    168 

Associate  members,  foreign    20 

Total    231 

Accessivus 

By  election  to  full   membersliip    6 

By  election  to  associate  membership  35 

Total   gain    41 

Losses 

By  death,  associate  members   2 

By  resignation,  associate   members    3 

By  promotion  to  full  membership  6 

By  failure  to  pay  dues    5 

Total   losses    16 

Net  gain    25 
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Prcsev.t  Status,  February  ist,  1908 

Honorary  members    2 

Full  members,  resident    46 

Full  members,  foreign    i 

Associate  members,  resident    185 

Associate  members,  foreign    22 

Total  strength   256 

To  enable  the  Society  to  show  a  continuous  and  increasing  growth,  it 
will  be  necessary  that  the  members  undertake  with  increasing  activity 
the  duties  of  acquainting  the  public  with  our  work,  and  inspiring  them 
with  a  desire  to  l>e  recognized  among  our  membership. 

REPORT  OF  THE  COMMITTEE  ON  CO  OPERATION 

Bctzcccn   Federal  and  State  Geological  Surveys  and  the  Society  in   the 

Matter  of  Research  in  Ceramic  Lines. 

The  work  of  this  committee  has  appeared  in  Volume  IX,  and  also 
in  the  form  of  a  reprint,  which  has  been  sent  to  the  State  Geologist  in 
every  state  of  the  Union,  and  to  many  officials  of  the  U.  S.  Geological 
Survey,  and  a  considerable  number  of  working  geologists  in  the  various 
universities  in  the  country.  Without  doubt,  the  advice  of  the  Committee 
will  at  least  influence  the  action  of  State  Geologists  in  many  cases  in  the 
future  where  clay  reports  are  to  be  undertaken.  The  expected  entrance 
of  the  U.  .S.  Geological  Survey  into  this  field  of  work  did  not  materialize; 
owing  to  a  change  in  the  division  of  funds  for  the  U.  S.  Geological 
Survey  for  the  last  year,  it  was  impossible  for  them  to  open  up  any  new 
department,  or  even  properly  support  some  departments  already  in  exist- 
ence. The  project  is  not  forgotten,  however,  and  if  some  of  the  legislation 
new  before  Congress  is  enacted  into  a  law  either  creating  a  Bureau  of 
Mines,  or  creating  a  permanent  Department  for  Technical  or  Engineering 
research,  working  in  the  Geological  Survey,  it  is  highly  likely  that  the 
establishment  of  a  ceramic  experimental  station  will  be  given  consiJera- 
tion.  Meanwhile,  the  Society  may  properly  feel  that  its  main  objects 
have  been  achieved,  in  the  fact  that  those  in  authority  recognize  more 
clearly  the  need  of  the  work,  and  the  propriety  of  this  organization  in- 
fluencing the  character  of  the  work  to  be  undertaken. 

SUMMER   MEETING. 

The  question  of  a  summer  meeting  is  still  open.  In  many  respects, 
the  present  performance  is  unsatisfactory,  and  yet  the  results  which  it 
brings  are  too  promising  to  justify  dropping  it.  On  the  last  occasion, 
which  was  in  many  respects  the  best  arranged  and  most  carefully  managed 
one  in  recent  years,  the  attendance  was  at  first  very  small,  though  many 

A.  c.  s.-j 
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jrined  the  party  on  the  last  clay.  Those  who  take  these  trips,  enjoy  anci 
profit  from  them  very  greatly,  but  in  one  way,  the  Society  is  not  much 
strengthened  by  holding  public  gatherings  in  which  so  small  a  number  take 
part,  it  would  seem  that  the  summer  trip  should  not  be  abandoned,  as  it 
fulfils  a  purpose  not  attainable  during  the  winter  meeting.  It  would  also 
seem  that  the  results  of  the  recent  year's  meetings  have  not  been  com- 
mensurate with  the  expenditure  of  labor  and  energy  in  organizing  and 
managing  them.  The  policy  inv(  Ived  in  this  matter  should  receive  con- 
sideration at  the  hands  of  the  Society. 

OUTLOOK. 

The  Society  enters  at  this  meeting  upon  its  second  decade  of  exist- 
ance.  The  conditions  are  very  different  from  those  of  ten  years  ago. 
Beginning  as  an  experiment,  with  a  very  small  following,  and  without  any 
wide  recognition  of  the  need  of  such  an  organization,  the  Society  has 
increased  slowly  but  steadily:  has  built  up  a  solid  and  well-knit  organiza- 
tion ;  has  published  much  \  nluable  literature :  has  sharpened  the  spirit  of 
investigation  in  our  still  little-known  tield  of  science:  has  broadened  the 
point  of  view  alike  of  manutaciurer  and  worker:  has  iK^aten  down  the 
barriers  of  the  old-lime  trade  secrecy,  and  best  of  all  has  opened  the 
div  rs  of  our  minds  to  the  joys  of  giving  and  the  pleasures  of  brotherly 
co-operation. 

W  hile  we  enter  ujm  n  our  work  n^..w  with  the  advantages  c^f  these 
things  in  cur  favor,  we  al>o  have  cv^rre>ix'>ndingly  heavier  responsibilities. 
To  maintain  c>urselves  on  the  plane  of  the  present,  and  make  each  year 
show  a  still  higher  range  oi  achievement  in  the  quality  of  our  .work  is 
more  diflicnlt  now,  by  far.  than  it  was  a  decade  ago.  hut  it  is  the  task  to 
which  we  must  now  address  oursehes. 

For  the  IV^krd  of  Tristffs. 

Edward  l^rton.  Jr.. 

SccretjrY, 


TREASURER'S  REPORT 


Columbus,  O.,  Feb.  3,  1908. 
Members  and  Associates  of  the  American  Ceramic  Society: 
Your  treasurer's  statement  is  as  follows: 

RECEIPTS. 

To  balance  last  report   $292 .46 

To  March  collections  by  secretary   469. 10 

To  April  collections  by  secretary  551 .  29 

To  May  collections  by  secretary 216.21 

To  June  collections  by  secretary   157-83 

To  July  collections  by  secretary  88. 70 

To  August  collections  by  secretary  72.55 

To  September  collections  by  secretary  37.10 

To  October  collections  by  secretary 66.36 

To  November  collections  by  secretary 1 1 1 .  50 

To  December  collections  by  secretary   22.63 

To  January  collections  by  secretary  218.00  $2,303.73 

EXPENDITURES. 

By  vouchers   attached    $2,155  •  55 

By  money  orders  returned  to  secretary 12.00 

By  vouchers    issued    but    not    presented    to    bank    for 
payment  : 

M.  L.   Seymour    16.66 

Chem.   Publishing  Co 5 .  32 

Adams  Express  Co i  .85 

By  error  in  money  order  per  receipt  attached -  .11    $2,191 .49 

Balance    $112.24 

Balance  per  bank  book  attached  $136.07 

Vouchers  issued  but  not  presented  for  payment  as  above      23:83 

Actual   balance    $112.24 

Also  attached  is  voucher   for  $19.48  which  was  issued  prior  to  date 
of  last  report  but  had  not  been  presented  for  payment. 

Respectfully  submitted, 

Ellts  Love  joy.  Treasurer. 

Examined  and  found  correct,  February  4,  1908. 

Ernest  Mayer, 
W.  A.  Hull, 
A.  R.  Campbell, 
Auditing   Committee, 
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RULES 


OBJECTS. 

The  objects  of  the  American  Ceramic  Society  are  to  promote  the 
arts  and  sciences  connected  with  Ceramics  by  means  of  meetings  for 
social  intercourse,  for  the  reading  and  discussion  of  professional  papers, 
and  for  the  publication  of  professional  literature. 

MEMBERSHIP. 

The  Society  shall  consist  of  Honorary  Members,  Members  and 
Associates. 

Honorary  Members  must  be  persons  of  acknowledged  professional 
eminence,  and  shall  not  exceed  tive  in  number. 

Members  shall  be  persons  competent  to  fill  responsible  positions  in 
Ceramics  and  have  suitable  qualifications. 

Associates  shall  include  persons  interested  in  Ceramics  and  the  allied 
arts. 

Honorary  Members  shall  be  proposed  by  at  least  five  members,  ap- 
proved by  the  Board  of  Trustees,  and  receive  at  least  90  per  cent,  of  the 
votes  cast  by  letter  ballot  at  the  annual  meeting. 

Members  and  Associates  shall  be  proposed  by  at  least  three  Members 
or  Associates,  approved  by  the  Board  of  Trustees,  and  receive  at  least 
75  per  cent,  of  the  votes  cast  by  letter  ballot.  A  candidate  for  admission 
must  make  application  on  a  form  prepared  by  the  Board  of  Trustees 
which  shall  contain  a  written  statement  of  his  age,  professional  experience, 
and  that  he  will,  if  elected,  conform  to  the  laws,  rules,  and  requirements 
of  the  Society. 

All  Honorary  Mem])ers,  Members  and  Associates  shall  be  equally 
entitled  to  the  privileges  of  membership,  except  that  only  Members 
shall  be  entitled  to  hold  office  and  to  vote.  Applicants  for  a  change 
in  grade  of  membership  shall  conform  to  the  requirements  of  a  new 
applicant. 

Any  person  can  be  stricken  from  the  membership  of  the  Society  on 
the  request  of  five  or  more  members,  on  the  recommendation  of  a  ma- 
jority of  the  Board  of  Trustees,  if  he  fails  to  resign  on  the  advice  of  the 
Board  of  Trustees.  Such  person,  however,  shall  be  first  notified  of  the 
charges  against  him,  and  be  given  a  reasonable  time  to  appear  before  the 
Board  of  Trustees,  or  present  written  defense,  before  final  action  is  taken 
by  the  Board  of  Trustees. 

3G 


AMERICAN    CERAMIC    SOCIETY.  37 

DUES. 

Honorary  Members  shall  be  exempt  from  all  dues. 

The  initiation  fee  of  Members  shall  be  ten  dollars,  and  of  Associates 
five  dollars,  which  if  not  paid  within  six  months  after  election,  will  render 
the  election  void. 

The  annual  dues  for  Members  shall  be  fixed  by  the  Board  of  Trustees, 
but  shall  not  exceed  five  dollars  per  year. 

The  annual  dues  for  Associates  will  be  fixed  by  the  Board  of  Trus  ' 
tees,  but  shall  not  exceed  four  dollars  per  year. 

Any  Member  or  Associate  in  arrears  for  over  one  year  may  be  sus- 
pended from  membership  by  the  Board  of  Trustees  until  such  arrears 
are  paid. 

OFFICERS. 

The  affairs  of  the  Society  shall  be  managed  by  the  Board  of  Trustees, 
consisting  of  a  President,  Vice  President,  Secretary,  Treasurer,  and  throe 
Trustees,  who  shall  be  elected  from  the  members  at  the  annual  meeting, 
and  hold  office  until  the  adjournment  of  the  meeting  at  which  their  sue 
cessors  are  elected. 

The  President,  Vice  President,  Secretary  and  Treasurer  shall  be 
elected  for  one  year,  and  the  Trustees  for  three  years;  and  no  President. 
Vice  President,  or  Trustee  shall  be  eligible  for  immediate  re-election  to 
the  same  office. 

The  duties  of  all  officers  shall  b^  such  as  usually  appertain  to  their 
offices,  or  may  be  delegated  to  them  by  the  Board  of  Trustees  or  the 
Society;  and  the  Board  of  Trustees  may  at  its  discretion  require  bonds 
to  be  furnished  ])y  the  Treasurer. 

Vacancies  in  any  office  shall  be  filled  by  appointment  by  the  Board 
of  Trustees,  but  the  new  incumbent  shall  not  thereby  be  rendered  ineli- 
gible to  re-election  at  the  next  annual  meeting  to  the  same  office.  On 
the  failure  of  any  officer  to  execute  his  duties  wiihin  a  reasonable  time, 
the  Board  of  Trustees,  after  duly  warning  siKh  officer,  may  declare  the 
office  vacant,  and  appoint  a  new  incumbent. 

A  majority  of  the  Board  of  Trustees  shall  constitute  a  quorum ;  but 
the  Board  of  Trustees  shall  be  permitted  to  carry  on  such  business  as 
it  may  desire  by  letter. 

ELECTIOXS. 

At  the  annual  meeting,  a  nominating  committee  of  five  Members, 
not  officers  of  the  Society,  shall  be  appointed,  and  this  committee  shall 
send  the  names  of  the  nominet^s  to  the  Secretary  at  least  60  days  before 
the  annual  meeting,  who  shall  immediately  forward  the  same  to  the 
Members.  Any  other  five  members  may  also  present  the  names  of  any 
candidates  to  the  Secretary,  provided  it  is  done  at  least  30  days  before 
the  annual  meeting.     The  names  of  all  candidate**,  provided  their  assent 
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has  been  obtained,  shall  be  placed  on  the  ballot  without  distinction  as  to 
nomination  by  the  regular  or  an  independent  nominating  committee,  which 
shall  be  mailed  to  every  member,  not  in  arrears,  at  least  20  days  before 
the  annual  meeting.  The  ballot  shall  be  enclosed  in  an  inner  blank  enve- 
lope, and  the  outer  envelope  shall  be  endorsed  by  the  voter,  and  mailed 
to  the  Secretary  for  collection.  The  blank  envelopes  shall  be  opened  b> 
three  Scrutineers  appointed  by  the  Chair  at  the  annual  meeting,  who  will 
report  the  result  of  the  election.    A  plurality  of  the  votes  cast  shall  elect. 

MEETINGS. 

The  annual  meetings  shall  taks  place  on  the  first  Monday  in  February, 
at  such  place  as  the  Board  of  Trustees  may  decide,  at  which  time  reports 
shall  be  made  by  the  Board  of  Trustees,  Treasurer,  and  Scrutineers  of 
election,  and  the  accounts  of  the  Treasurer  audited  by  a  committee  of 
three  appointed  by  the  Chair. 

Other  meetings  may  be  held  at  such  times  and  places  during  the 
year  as  the  Board  of  Trustees  may  decide,  but  at  least  20  days*  notice 
shall  be  given  of  such  meetings. 

Seven  members  shall  constitute  a  quorum  at  any  regular  meeting,  and 
a  majority  shall  rule,  except  where  otherwise  specified. 

The  order  of  business  at  the  annual  meeting  shall  be : — 

1.  Reading  of  Minutes  of  last  meeting. 

2.  Reports  of  the  Board  of  Trustees  and  Treasurer  of  the  Society. 

3.  Announcement  of  Election  of  Members. 

4.  Announcement  of  Election  of  Officers. 

5.  Appointment  of  Nominating  Committee. 

6.  Old  Business. 

7.  New  Business. 

8.  Reading  of  Papers. 

PUBLICATIONS. 

The  Board  of  Trustees  shall  act  as  a  Publication  Committee,  and 
decide  as  to  what  to  publish.  The  publications  of  the  Society  shall  be 
sent  to  all  Members  and  Associates  not  in  arrears.  The  Secretary  will 
furnish  each  author  with  reprints  of  his  papers  at  cost  price,  provided  due 
notice  .is  given  that  reprints  are  desired. 

The  Society  is  not,  as  a  body,  responsible  for  the  statements  or  opin- 
ions expressed  in  its  publications. 

PARLIAMENTARY  STANDARD. 

Roberts'  "Rules  of  Order"  shall  be  the  parliamentary  standard  on  all 
points  not  covered  by  these  rules. 
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AMENDMENTS. 

These  rules  may  be  amended  at  any  regular  meeting  by  a  two-thirds 
vote  of  a  letter  ballot  at  the  subsequent  annual  meeting,  provided  a  written 
notice  of  such  proposed  change  is  sent  to  each  member  at  least  30  days 
before  said  annual  meeting.  Said  proposed  amendments  shall  be  printed 
on  the  balolt  for  officers  and  counted  by  the  same  Scrutineers. 


PUBUCATIONS. 


The  publications  of  the  Society  are  as  follows : 


DESCRIPTION     OF    VOLUME. 


Transactions  for  1899,  no  pages, 
bound  in  paper, 

Transactions  for  igoo,  278  pages, 
bound  in  paper, 

Transactions  for  1901.  230  pages, 
bound  in  paper, 

Transactions  for  1902,  300  pages, 
bound  in  paper, 

Transactions  for  1903,  420  pages, 
bound  in  paper, 

Transactions  for  1904.  278  pages, 
bound  in  paper. 

Transactions  for  1905,  454  pages, 
bound  in  paper. 

Transactions  for  1906,  411  pages, 
bound  in  paper. 

Transactions  for  1907,  808  pages, 
bound  in  paper, 

Manual  of  Ceramic  Calculation  (contained  in 
Vol.  II  as  a  part  thereof,)  86  pages,  bound 
in  paper, 

The  Collected  Writings  of  Dr.  Hermann-  August 
Seger,  Volume  I.  Contains  (A)  Treatises 
of  a  general  scientific  nature.  (B)  Essays 
relating  to  Brick  and  Terra  Cotta,  Earthen- 
ware and  Stoneware,  and  Refractory  Wares. 
Pages,  552.     Bound  in  cloth. 

The  Collected  Writings  of  Dr.  Hermann  August 
Seger,  Volume  II.  Contains  (B)  Essays 
on  Whitewarc  and  Porcelain.  (C)  Travels, 
Letters  and  Polemics.  (D)  Uncompleted 
works,  and  extracts  from  the  archives  of  the 
Royal  Porcelain  Factory.  Pages,  605.  Bound 
in  cloth. 


Vol. 

I. 

Vol. 

II. 

Vol. 

III. 

Vol. 

IV. 

VoL 

"vr 

Vol. 

Vl. 

Vol. 
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Vol. 

VIIL 

Vol. 

IX. 

Price  to 
mcmbera. 


$0  50 


2.00 


1   00 

1  50 

2  50 
1.50 
2  25 


Price  to 
Othcn' 


$4.00 


A  Bibliography  of  Clays  and  the  Ceramic  Arts, 
by  Dr.  John  C.  Branner,  1906,  451  pages. 
Bound  in  cloth.  Contains  6027  titles  of  works 
on  Ceramic  subjects. 

Cost  of  full  set,  not  including  manual 
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At  the  Cincinnati  meeting,  the  Board  of  Trustees  iixed  a  sliding 
scale  of  prices  to  apply  to  the  sale  of  volumes  of  the  Transactions,  when 
the  number  unsold  falls  below  200  copies.  As  the  copies  become  scarcer, 
prices  will  be  increased  to  both  members  and  others.  The  supply  of  one 
of  the  volumes  has  already  fallen  below  200  copies,  and  others  will 
probably  pass  below  this  mark  during  the  coming  year.  Members  and 
Associates  who  do  not  yet  own  full  sets  are  advised  to  procure  them 
at  once. 

At  the  same  meeting  the  following  resolution  was  adoptt-d : 

Resolved,  that  the  custom  by  which  members  and  associates  may 
obtain  copies  of  the  Transactions  at  reduced  or  so-called  "members'  rates,*' 
is  intended  only  to  enable  each  person  to  obtain  one  complete  file  of  the 
transactions. 

The  necessity  for  this  resolution  arose  from  the  expressed  desire 
of  a  member  to  buy  a  copy  of  the  transactions,  with  the  intent  to  sell 
it  to  a  friend  for  whom  he  wished  to  save  the  additional  pri^e  charged 
to  non-members.  In  accordance  with  the  spirit  of  this  resolution  the 
Secrelary  will  not  supply  mere  than  one  copy  of  a  volume  to  a  member 
at  reduced  rate,  except  when  h.ss  or  destruction  of  a  volume  gives  good 
cause  for  so  doing. 

Every  member  or  associate  receives  one  copy  of  the  Transactions 
free  for  each  year  for  which  he  pays  dues.  He  is  entitled  to  purchase 
copies  for  the  years  antedating  his  connection  with  the  Society  at  the 
costs  indicated  in  the  first  column.  All  others  can  obtain  copies  at  the 
prices  listed  in  the  second  column  by  sending  order,  accompanied  with 
check,  to 

Edward  Ortox,  Jr., 

Secretin  y. 
Columbus,  Ohio. 
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BY 

Stanley  G.  Burt,  Ciuciimati,  Ohio. 

It  seimi8  liard  to  realize  that  we  have  gathered  for  our 
10th  Annual  Meeting,  and  it  is  equally  hard  to  realize 
how  successful  these  past  ten  years  have  been.  I  doubt 
whether  the  most  sanguine  of  our  founders  would  have 
dare<l  prophesy  that  at  this  time  we  would  have  sr)  suc- 
cessful a  past  to  look  back  upon.  Have  we  not  reached  a 
point  at  which  we  may  well  pause  and  briefly  review  our 
past  and  then  look  forward  to  our  future? 

In  1898  a  few  enthusiasts  decided  the  time  liad  come  to 
organize  a  society  whose  obje(*ts  should  be  **to  promote  the 
arts  and  sciences  connecteil  with  ceramics  by  means  of 
meeting  for  social  intwcourse,  for  the  reading  and  discus- 
sion of  professional  papers,  and  for  the  publication  of  pro- 
fessional literature.''  It  was  the  aim  of  these  men  to 
advance  the  clay  industries  by  three  methods:  ftrst,  by 
social  iuteiTimrse,  second  by  reading  professional  papers 
and  third  by  publications.  Now,  how  have  we  suc(*(HHied 
in  these  three  aims? 

Social  intercourse  is  very  justly  placed  first.  Last 
spring  your  society  yvns  honore<l  by  an  invitation  to  send 
a  representative  to  the  dedication  of  the  United  Engineer- 
ing Societies'  Building.  I  a  this  country  we  have  three 
great  leading  sx)cieties  of  engineers, — the  Mechanical  Engi- 
neers, the  Mining  Engineers,  and  the  Electrical  Engineers. 
These  three  societies  were  maintaining  separate  offices  in 
Hew  York  City.  Through  the  generosity  of  Andrew  Car- 
negie, who  gave  (|1,000,000)  one  million  dollars,  a  most 
magnificent  building  has  been  built  in  which  thest^  societies 
are  now  united.  While  Mr.  Carnegie's  gift  paid  for  the 
building,  the  three  founder  societies  paid  for  the  lot.    The 
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top  floor  is  devoted  to  a  combined  library;  beneath  this 
each  of  the  founder  societies  has  an  entire  floor  for  office 
purposes.  Provision  is  made  on  lower  floors  for  other 
engineering  societies,  while  the  entire  second  and  third 
floor  is  given  up  to  a  beautiful  auditorium.  Should  we  at 
some  future  time  hold  our  business  session  in  New  York  I 
have  no  doubt  that  suitable  rooms  could  be  obtained  in  the 
building. 

It  was  to  the  dedication  of  this  home  of  the  engineer 
that  you  were  invited  to  send  a  representative.  Your  board 
of  trustees  decided  that  this  honor  and  pleasure  should  fall 
to  my  lot.  I  would  gladly  describe  to  you  at  length  that 
memorable  metHing.  Practically  every  prominent  technical 
society  and  school  in  the  world  was  represented.  Many 
able  addresses  Avere  made,  but  of  all  these  to  me  the  most 
able  was  that  of  ilr.  (^arnegie. 

The  keynote  of  liis  addrc^ss  was  strength  in  unity. 
How  had  it  been  possible  for  the  American  Engineer  to  so 
far  surpass  his  foreign  brethren?  Simply  because  he  was 
ready  at  all  times  and  to  the  utmost  of  his  ability  to  help 
his  brother  engineer.  No  secrecy  or  petty  jealousy,  but 
frank,  open-hearted,  true  fraternalism.  No  great  advance 
or  achievement  can  be  made  without  co-operation  of  many 
minds.  'Tis  only  with  a  thorough  understanding  of  the 
work  others  have  done  that  we  are  able,  with  its  aid,  to 
advance.  The  man  so  constituted  mentally  that  he  fears 
his  brother  worker,  merely  wants  to  rob  him;  or  the  one 
who  wishes  to  receive  but  never  to  give  has  a  mind  so  small 
it  will  always  be  an  impossibility  for  him  to  attain  any 
great  success.  To  further  this  all-important  co-operation 
not  only  should  the  members  of  the  separate  societies  meet, 
but  Mr.  Carnegie  felt  that  if  the  various  societies  could  be 
brought  together  under  one  roof,  great  gain  must  result  to 
all.    This  has  been  accomplished  in  this  new  building. 

If  now  it  be  true  that  the  secret  of  our  national  success 
has  been  this  free  exchange  of  ideas,  how  best  can  it  be 
fostergd?  By  social  intercourse.  'Tis  the  true  heart  to 
heart  talk  that  has  done  those  of  us  who  have  attended  our 
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meetings  more  §;ood  than  all  our  papers  or  publications 
put  together.  That  our  society  during  the  past  ten  years 
has  been  able  to  gather  together  in  social  intercourse  so 
luanv  men  who  fully  realize  the  value  of  mutual  aid,  who 
have  come  ready  to  give  as  well  a«  to  receive, — this  to  me 
seems  our  greatest  achievement. 

The  second  object  of  the  society  was  the  rc^ading  and 
discussion  of  professional  pa  pel's.  If  I  had  hei*e  to  show 
you  Voluuu*  I  in  one  hand  and  Volume  IX  in  the  otlier, 
no  comment  would  be  at  all  necessarv.  We  have  had  more 
papers  offered  at  each  meeting  and  they  have  been  more 
and  more  valuable.  While  our  able  secretary  has  urged 
us  all  to  contribute,  and  Ave  ought  to  do  so,  it  is  neverthe- 
less true  tliat  he  has  been  wholly  unable  to  have  read  all 
the  papers  that  were  offered. 

The  third  object  of  our  society  was  the  publication  of 
professional  literature.  Under  this  head  our  nine  volumes 
of  transactions  naturally  come  first.  I  have  already  men- 
tioned their  gratifying  growth  in  size  and  quality.  We 
have  also  translated  and  publisheil  the  Collected  Writings 
of  Dr.  Seger.  Had  we  accomplished  nothing  else  we  might 
justly  feel  that  the  society  had  not  been  organized  in  vain. 
Then  we  published  our  Manual  of  Ceramic  Calculations. 
This  little  book  is  so  clearly  and  admirably  written  that  it* 
can  be  readily  understood  by  all,  and  has  deserve<lly  be- 
come a  text  book  in  our  ceramic  schools.  Our  most  recent 
publication  was  the  Branner  Bibliography,  of  which  we 
are  justly  proud.  These  three  works  are  true  labors  of 
love,  for  the  translators  of  Seger,  the  authors  of  the  Manual 
and  Dr.  Branner  himself  never  received  one  cent  for  the 
hard  work  done.  The  Seger  translation  and  the  Manual 
have  paid  back  all  ca<(ts,  and  give  us  in  addition  a  very 
helpful  annual  income.  T  trust  the  same  will  be  true  of 
the  Bibliography  when  it  has  had  time  to  be  properly 
distributed. 

Before  leaving  the  consideration  of  our  past  liistory 
there  is  one  more  point  about  which  I  think  we  may  all 
feel  satisfaction, — ^and   that  is  that  while  accomplishing 
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all  this  good  work  we  at  the  ^une  time  kept  a  balance  in 
the  treasurer's  hands  and  had  no  debts.  The  past  year  has 
been  one  of  unusually  heavy  expense,  but  I  feel  sure  the 
society  has  met  all  of  its  obligations  and  has  a  balance  to 
its  credit. 

In  turning  now  to  consider  our  future,  under  the 
same  thret^  heads,  first  comes  our  future  social  intercourse. 
Our  recent  meeting®  have  furnished  our  secretary  with  so 
many  papers  to  be  read  that  he  has  felt  compelled  to  give 
the  evenings  to  business  sessions  at  which  papers  could  lye 
read.  Personally  I  feel  this  is  a  mistake,  because  in  a  large 
measure  it  puts  an  end  to  our  social  intercourse,  which  to 
my  mind  is  the  greatest  good  the  society  can  ac^complish. 
In  our  earlv  vears  what  Prof.  Wheeler  called  our  "section 
Q''  was  to  the  individual  member  the  most  valuable  part  of 
our  meetings.  After  a  hard  day's  work  with  our  profes- 
sional papers  we  gathered  informally  in  some  comfortable 
sj)ot  and  did  our  best  to  help  each  other  with  the  thousand 
an4  one  problems  that  trouble  each  and  every  one  of  us. 
We  have  labored  together  until  two  o'clock  in  th(*  morning 
and  been  sorry  to  stop  then.  This  type  of  social  intercourse 
does  not  mean  going  to  the  theatre  or  any  such  perform- 
ance, but  it  means  tliajt  congenial  souls,  having  similar 
tastes  and  aspirations,  and  working  perhaps  along  parallel 
lines,  will  get  together  to  talk  over  the  struggles  and  ac- 
complishments of  the  year,  the  successes  and  failures,  the 
pleasures  and  disappointmenrts,  and  that  each  will  receive 
help  and  encouragement  and  inspiratiim  for  renewed  exer- 
tions. At  our  recent  meetings  we  have  our  long  morning 
and  afternoon  session  followed  by  an  equally  long  evening 
session,  after  which  we  are  glad  to  sleep.  Now  I  do  not 
believe  any  human  being  can  follow  our  speakers  and  fully 
absorb  their  papers  during  such  a  long  period.  Then  again 
the  scope  of  our  program  is  so  broad  that  net^ensarrly  Ave 
can  not  have  the  same  keen  interest  in  all  subjects  offei*ed. 
Those  of  us  who  are  potters  for  instance  have  but  a  broad 
general  interest  in  the  sand-lime  brick  or  cement  industry. 
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and  of  course  the  reverse  is  equally  true,  the  cement  man 
cares  little  abouft  the  terra  cotta  kiln. 

I  believe  our  future  meetings  should  give  us  certain 
sessions  devoted  to  topics  of  general  interest  to  all,  then 
sessions  devoted  to  specialties  interesting  to  a  more  limited 
number.  -  When  this  can  be  done  then,  the  .social. side- can 
also  be  arranged  for  in  this  manner.  Our  secretary  always 
calls  for  subjects  we  would  like  to  have  discussed.  They 
are  almost  al^^^ays  of  the  special  class,  and  really  call  for 
an  informal  treatment,,  so  are  not  best  treated  in  a  formal 
session.  What  we  want  is  a  discussion,  if  it  takes  all  night, 
and  we  don't  want  to  be  stopped  just  as  we  get  fully  inter- 
ested by  the  chair  announcing  thait  no  more  time  can  be 
allowed  to  that  subject,  as  the  regular  program  is  being 
delayed.  I  would  suggest  that  assuming  we  have  had  our 
official  morning  and  afternoon  session  of  general  interest 
the  program  would  state  that  an  evening  offioial  ^ssion 
would  be  held  on  some  special  subject,  and  that  one  or 
more  section  (Js  would  be  held  infornially  at  the  same  time, 
with  the  man  who  wanted  a  subject  discussed  as  chairman. 
The  members  would  then  be  left  the  choice  either  to  attend 
the  official  session,  or  to  join  one  of  the  informal  section  Qs. 
The  objections  to  this  plan  I  suggest  are  first  that  it  might 
draw  too  many  members  from  the  official  evening  session. 
Answering  this  I  would  say  that  if  it  did  do  this  'twould 
merely  prove  that  it  was  best  to  abandon  business  sessions 
in  the  evening.  A  second  objection  is  much  stronger,  which 
is  that  all  discussion  out  of  the  official  session  is  lost  to 
the  society,  as  no  record  could  be  kept  of  it.  This  is  true, 
but  I  feel  that  the  discussions  I  am  endeavoring  to  call 
forth  are  ones  that  the  society  by  our  present  method  can 
not  get,  nor  the  individual  member  either,  as  these  heart  to 
heart  talks  have  largely  cc^ised  to  exist.  The  greiit  argu- 
ment in  favor  of  this  plan  for  furthering  our  social  inter- 
course is  that  we  have  lofts  of  valuable  latent  material  that 
is  lost  and  can  only  be  reached  in  this  way.  The  drift  of 
our  professional  papers  has  been  toward  a  higher  and 
higher  standard   of   excellency.     Our   subjects  are   now 
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treated  with  such  exhaustive  research  that  it  seems  ac- 
tually at  times  absurd  to  attempt  to  discuas  or  criticise 
ott'-hand  such  careful  work.  Your  truste(\s  have  loni? 
realized  this  and  I  have  hoped,  as  a  solution,  that  we  would 
he  aide  to  print  our  best  papers  and  distribute  them 
for  studv  some  time  before  the  meetinij:  is  called.  Xo  one 
could  b<?  more  deli<::hted  than  I  am  that  our  papers  have 
shown  such  a  splendid  advance,  and  I  recognize  fully  that 
unless  we  hold  our  standard  hi}»:h  and  keep  raising  it  higher 
tlie  actual  life  of  the  society  would  be  endangered,  but  in 
striving  for  this  end  we  will  make  a  great  mistake  if  we 
sacrifice  all  other  aims.  The  type  of  paper  we  are  striving 
for  is  becoming  more  and  more  one  that  can  only  be  pre- 
pared by  tho.se  fortunate  few  who  have  all  the  facilities, 
both  of  time  and  means,  furnished  bv  life  at  a  univei'i-Mtv 
or  school;  they  may  well  be  called  scholastic  papers. 

The  nmn  bound  to  a  factorv  has  both  his  time  and 
facilities  limited  and  cannot  prepare  such  a  paper,  no 
matter  liow  valuable  tlie  material  he  Jias  gathered.  Worse 
than  this  he  feels  that  because  he  cannot  show  some 
elaborate  series  of  trials  heVl  better  keep  still  altogether. 
While  I  spoke  of  a  university  furnishing  facilities  which 
a  factory  does  not,  when  we  wish  to  pass  out  of  theovi(».s 
and  trials  into  actual  practice,  then  the  factory  has  the 

onlv  facilities.    So  all  theorv  and  trials  must  be  tested  bv 

••  • '  » 

pra(*tice,  and  it  is  reports  of  these  practical  factory  tests, 
on  a  large  scale,  of  our  theories,  that  I  feel  we  are  not 
getting  enough  of  and  ought  to  encourage.  The  man  who 
has  made  this  practical  test  is  almo-t  always  one  who  has 
lK*en  too  busy  or  is  too  modest  to  even  think  of  writing  a 
l)aper.  He  ought  to  be  encouraged  to  do  so,  and  I  claim 
no  better  training  can  be  given  him  than  a  social  ses.sion, 
where  he  can  discuss  freelv  with  his  brother  workers  his 
daily  problems,  what  he  has  observed  in  his  practice,  where 
th(H)ries  have  proved  true  and  where  they  have  broken 
down. 

When  one  of  oiir  best  railroads  planned  to  use  elec- 
tricity for  steam,  expert  engineers  calculated  and  prepared 
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for  evei\v  (lau«:^r  tliey  could  forscH?.  The  train  was  started, 
struck  a  curve,  and  off  it  went  in  a  terrible  smash.  Why? 
Wa8  it  mere  carelessness?  No.  In  calculating  the  engi- 
neers had  failed  to  realize  and  properly  allow  for  the  dif- 
ference between  a  steam  and  an  electric*  locomotive,  in  that 
the  center  of  gi*avity  of  'the  electric  being  lower  it  gave  a 
far  grc^ater  side  thrust.  So  in  our  own  work.  Our  theories 
may  be  right  as  far  as  thc\y  go,  but  it  is  onl.v  by  a  practical 
tc^t  that  we  can  be  certain  that  some  hidden  factor  has 
not  been  nc*glected. 

Some  years  ago  I  nmch*  the  suggc^stion  that  membei'S 
be  encouraged  to  bring  s«implc*s  of  their  good  or  bad  results 
to  the  mcn^ting.  Tis  true  that  many  of  our  papers  have 
been  illustrtited  with  admirable  siimplc^,  but  I  mean  the 
man  who  mc^rc^y  ha>?  trouble  and  not  a  papcn*.  Let  him 
bring  samplers  of  his  trouble,  then  in  a  semi-private  discus- 
sion he  may  gain  light  which  will  enable  him  to  cure  his 
trouble  and  at  the  salne  time  prc^)are  him  to  give  us  a 
paper  at  our  next  meeting.  In  a  mcMSure  anc  have  en- 
ccmraged  him  to  do  this  in  the  official  se><sion,  but  he  has 
come  to  fc*el,  and  I  think  justly,  that  there  will  1k»  no  time 
for  him  with  our  present  crowdcnl  programs.  Then  again, 
the  skeleton  in  the  closet  drc^ids  to  step  out  into  the  full 
lime  light.  It  nec^ds  to  be  coaxed  out,  aud  it  is  only  a 
social  session  that  c*an  furnish  the  necc^sarv  c*ncouragc»- 
ment.  It  even  takc»s  c<mrage  at  times  to  confess  to  (mr 
intimate  fric^nds  some  of  our  reallv  serious  troublc*s.  Our 
summer  meetings  have  furnished  a  splendid  chance  for 
just  such  sc)c*ial  intercourse  as  I  have  been  describing,  and 
I  trust  we  may  continue  to  have  those  delightful  outings. 
The  great  trouble  with  the  summer  mc^eting  is  that  only  a 
few  of  our  members  have  bc*en  able  to  avail  themselvc^s 
of  itfi  pleasures,  and  it  is  most  often  the  busy  practical  man 
I've  l>een  spc^aking  of  who  is  unable  to  attend.  I  feel  too 
that  of  late  years  even  cmr  sumnu*r  mcK^tiugs  have  grown 
too  strenuous.  Our  kind  hosts  have  prepared  too  much 
for  us,  so  that  again  we  have  the  crowded  program. 
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The  point  1  wish  to  make  is  that  the  future  of  our 
professional  papers  seems  assured,  as  each  succeeding 
meeting  has  shown  them  growing  in  number  and  quality, 
but  the  future  of  our  social  intercourse  demands  your 
earnest  attention.  While  it  is  imperative  that  our  papers 
be  good  to  have  our  meetings  attended,  it  is  equally  true 
that  our  members  will  not  come  at  the  great  sacrifice  al- 
M'ays  involved  merely  to  hear  some  long  scientific  papers 
read.  It  is  the  meeting  of  old  friends  for  sf>cial  inter- 
course, of  the  kind  I  have  always  described,  which  really 
constitutes  the  greatest  attraction  of  our  meeting. 

Some  may  argue  that  if  any  members  desire  this  social 
intercourse,  they  will  provide  for  it  themselves,  and  that 
there  is  no  need  of  its  official  recognition  by  the  society. 
The  objections  to  this  are  first,  as  long  as  the  official  pro- 
gram offers  at  all  sessions  papers  of  general  interest  we 
feel  we  ought  not  to  lose  them,  so  often  are  comi>elled  to 
attend  an  entire  session  to  be  sure  of  hearing  some  one 
paper.  In  the  second  place  under  the  present  plan  it  is 
the  duty  of  all  members  to  attend  for  the  general  good. 
The  most  important  objection,  however,  to  the  Society's 
failing  to  officially  recognize  this  social  intercourse,  is  that 
while  here  and  there  old  friends  may  get  togetlier  quietly. 
sub  rasa  as  it  were,  as  no  general  invitation  or  encourage- 
ment has  been  extended  or  can  be  extended,  the  younger, 
that  is,  newer  member,  is  apt  to  be  left  out  altogether. 

One  of  the  foundation  principles  of  our  society  is 
charity.  Let  us  publish  to  the  world  the  knowledge  we 
have  gained  and  do  our  best  to  help  our  fellow  workers. 
Whv  then  should  we  not  let  this  charitv  extr^nd  to  our 
fellow  meml>ers  of  this  society  in  the  fullest  measure 
possible? 

Now  as  to  tlie  future  of  our  publications,  other  tlian 
transactions.  With  the  success  of  our  past  publications 
in  view  we  should  feel  encoui'^ged  to  publish  such  works 
as  our  board  of  truste(>s  mav  deem  worthv.  I  trust  the  dav 
may  come  when  a  volume  written  l>y  some  member  will  be 
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published  by  the  society  just  as  the  Manual  and  Biblio- 
graphy were. 

I  have  served  you  officially  through  nine  of  the  ten 
years  of  the  society's  existence,  and  I  thank  you  for  the 
honor  and  for  the  universal  kindness  shown  me,  and  I 
assure  you  that  I  retire  with  the  same  enthusiasm  and 
same  desire  to  aid  the  society  in  any  way  possible  that  I 
felt  ten  years  ago. 


A  CONVENIENT  CARBON  RESISTANCE  FURNACE- 

*A.  C0GGE8HALL  AND  A.  V.  Bleinix«i:r,  (^olunibus,  Oliio. 

The  carbon  resistance  furnace  offers  no  more  interest- 
in<i[  problem  from  the  point  of  view  of  ceramics,  than  from 
tlie  electrical  standpoint.  Here  the  difiicultv  is  in  obtain- 
in«i;  proper  re<»:uUition.  For  ea^se  of  manipulation  in  vv»;\\- 
lation,  alternatinj*'  currents  seem  to  offer  advantaj*:es  not 
possible  with  direct  currents.  This  alone  w(nild  be  a 
stronj?  arjijument  for  tlie  use  of  the  former,  and  besides  this 
the  alternating  currents  render  tlie  starting  of  the  heating 
process  simple,  wliih^  it  is  troubleisonic  and  sometimes  ex- 
pensive with  dire<-t  (Uirrents. 

In  the  tirst  phue,  the  furnace  re(]uircs  for  successful 
operation  a  consideiable  range  of  voltages.  I.(»t  us  suppose* 
that  there  is  availaVde  for  running  the  furna(  e  a  coiistant 
source  of  electromotive  force  from  supply  mains  of  some 
sort.  At  the  start,  the  voltage  applied  to  the  furnace  must 
be  relatively  high,  and  be  gradually  re<Iuced  as  the  carbon 
is  heated  up.  But  after  the  temi)eraturc  has  numnted  a 
few  hundred  degrees,  the  voltage  must  be  increascMl  in  order 
that  the  heating  may  continue  at  a  uniform  rate.  To  oj)er- 
ate  the  furnace  from  ordinary  room  temperatun^s  to  tem- 
peratures of  1400'  to  1500^  ('  will  re(piire,  perhaps,  a 
variati(m  of  voltage  across  the  furnace  terminals  of  30  or 
40 -/r  either  above  or  below  the  voltage  neces^iiry  for  start- 
ing. To  obtain  this  variation  with  direct  cuiTents,  would 
reipiire  the  insertion  in  the  circuit  of  resistances  which 
could  be  varied  from  time  to  time,  provided  there  were  no 
direct  means  of  adjusting  the  supply  voltage,  as  would 
often  1h^  the  case.    This  wcmld  mean  power  wasted  in  the 

*This  paper,  read  at  the  St.  Louis  Meeting,  was  sent  to  Mr.  Cogges- 
hall  for  revi.sion  and  was  not  returned  in  time  fcr  publication  in  Vol.  IX. 
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I^R  of  the  series  resistance,  and  constant  adjustment  of  the 
resistance  nec:essary  to  provide  the  proper  voltage. 

With  alternating  currents,  however,  this  adjustment 
of  voltage  may  be  obtained  without  the  expenditure  of 
power,  and  through  quite  as  wide  a  range,  and  may  be  made 
more  nearly  automatic. 

Investigation  into  the  phenomenon  of  change  of  re- 
sistance of  the  carbon  mass,  reveals  the  fact  that  the  change 
is  a  very  uncertain  quantity,  depending  quite  as  much  on 
the  manner  in  which  the  power  is  applied  to  the  circuit,  as 
upon  the  density  of  the  carbon,  the  temperature  of  the 
furnace,  and  the  manner  in  which  connection  is  made  to  the 
carbon  particles,  and  the  shape  and  heat  insulation  of  the 
receptacle.  It  is  found  to  be  well  nigh  impossible  to  dupli- 
cate the  resistance  changes  of  any  one  run,  and  especially 
so  if  the  voltage  is  applied  in  a  haphazard  fashion  by 
manual  adjustment.  It  is  therefore  desirable  to  secure  a 
method  of  operation  which  will  be  equally  efficient,  no 
matter  what  the  state  of  the  furnace,  nor  what  its  resist- 
ance may  be  at  the  time  it  is  required  to  start  oi>eration. 
The  method  of  regulation  should  be  such  that  no  matter 
what  the  value  of  the  resistance,  the  vroltage  wall  automati- 
cally adjust  itself  to  the  proper  value,  the  instant  the  cir- 
cuit is  closed.  These  are  the  conditions  to  be  observed,  if 
the  furnace  is  to  be  operated  most  efficiently  and  uniformly, 
with  the  least  possible  use  of  power. 

The  one  characteristic  change  that  seems  always  to 
repeat  itself  in  the  resistance  variation  of  the  carbon,  is  the 
rapid  decrease  in  resistance  when  the  circuit  is  first  closed 
through  the  cold  furnace.  The  freeing  of  the  gases  con- 
tained by  the  carbon  particles  is  very  vigorous  and  rapid 
at  this  early  stage,  and  this  presses  the  particles  more 
tightly  together  as  they  slowly  heat  up,  and  thus  reduces 
the  rasistance  of  the  mass.  When  this  initial  stage  has 
been  passed  over,  and  the  ga«es  freed,  the  resistance  be- 
comes more  constant,  and,  as  the  rate  of  application  of 
power  becomes  less  rapid,  will  increase  In  value.  It  is 
when  the  resistance  shows  a  tendency  to  increase  that  the 
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voltage  must  be  raised,  for  it  is  tlieii  tliat  the  carbon  is  in 
the  act  of  cooling,  and  if  the  heating  is  to  continue  at  a 
uniform  rate,  the  energy  supplied  must  be  increased.  In 
other  words,  the  energy  supplied  electrically  must  l)e  in 
excess  of  the  heat  losses  of  the  carbon,  and  as  the  tempera- 
ture increases,  these  losses  become  more  nearly  the  ecpiiva- 
lent  of  the  energy  that  has  been  supplied  up  to  that  point. 
Therefore,  if  it  is  desired  to  carry  the  heating  further,  ir 
becomc*s  necessary  to  increase  the  voltage,  and  consequently 
the  power  that  is  supplied  to  the  furnace. 

This  adjustment  of  voltage  is  obtained  in  the  following 
manner:  In  series  with  the  furnace,  is  placed  an  induc- 
tance coil,  which  consists  of  a  few  turns  of  coi)per  wire, 
mounted  on  a  closed  nuignetic  circuit.  The  magnetic 
circuit  is  so  arraged  that  for  snmll  currents,  the  inductance 
of  the  coil,  and  hence  the  choking  acti(m  on  the  current, 
will  1)(*  great,  and  will  increase  as  the  current  increases. 
And  as  the  current  at  the  start  is  small,  this  still  allows  a 
high  voltage  at  the  furnace  terminals.  Bur  as  the  current 
increases,  due  to  a  lowering  of  the  resistance  of  the  carbon, 
beyond  a  certain  value,  the  choking  action  of  the  coil 
diminishes.  In  other  words,  the  change  in  th<^  choking 
acti(m  of  the  coil  is  just  the  reverse  of  the  change*  in  re- 
sistance of  the  carbon  mass  of  the  furnace.  This  provides 
th(^  adjustment  of  voltage  ne(*esKary  to  carry  the  furnace 
over  the  early  stage  of  heating,  and  when  demand  for  still 
higher  vo1tag(»«  is  made,  to  carry  the  heating  furtlun*,  the 
indiu'tance  of  the  coil  must  l)e  cut  down.  This  mav  be  done 
gradually,  and  as  netnled,  by  varying  the  magnetic  circuit's 
reluctance.  The  entire  adjustment  is  thus  obtained  at  the 
small  expenditure  of  power  necessary  to  overconu*  the  mag- 
netization lossi*s  of  the  iron  core,  and  these  nro  neglible 
ccmipared  with  the  PR  of  the  furnace. 

That  the  proper  rate  of  increase  of  power  nmy  be  ob- 
tained with  this  means  of  adjustment,  is  shown  by  the 
curves  of  power  and  temperature  against  time  on  the  (uirve 
shec^t.  The  curves  are  not  as  smooth  as  could  be  desired, 
and  show  that  not  quite  the  proper  adjustments  v/ere  made. 
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The  total  power  expended  for  the  case  shown,  for  a  maxi- 
mum temperature  of  1400  was  3.7  kilo\^^tt  hours.  Another 
run  showed  a  power  expenditure  of  3.8  kilowatt  hours  for 
a  maximum  temperature  of  1300,  and  still  another  run 
showed  that  10  kilowatt  hours  were  necessary  for  a  tem- 
perature of  1800°  Cent. 

The  weight  of  the  furnace,  without  the  carbon,  is  117 
pounds  and  the  weight  of  the  carbon  necessary  is  15  lbs. 
There  is  a  slight  wasting  away  of  the  carbon  when  operat- 
ing at  high  temperatures,  and  it  is  therefore  necessary  to 
supply  new  carbon  from  time  to  time.  This  can  best  be 
done  by  first  compressing  the  carbon  in  the  furnace  by 
tamping  with  an  iron  and  then  filling  up  with  new 
material. 


NEW  CRYSTALLINE  GLAZES- 

BY 

J.  KoEBNER^  Ph.  D.,  Coburg,  Germany. 

[Dr.  Zimmer: — Among  the  ceramic  studies  of  the  past 
ten  years  the  crystalline  glazes  have  absorbed  a  good  deal 
of  interest,  which  i's  easily  understood  when  we  consider 
the  importance  of  crystallization  in  our  modern  chemistry. 
It  is  to  be  hoped  that,  as  crystallization  out  of  liquid  solu- 
tion became  a  medium  to  advance  our  chemical  knowledge, 
the  crystals  out  of  the  solid  solution  of  a  glaze,  formed  at 
high  temperature  will  l>ecome  a  w^elcome  help  to  scientific 
ceramics.  Therefore  scientific  ceramists  on  both  continents 
have  paid  close  attention  to  crystalline  glazes,  although 
their  commercial  value  is  very  little,  if  any  at  all,  and  thej^ 
may  appear  to  the  ignorant  )ayman  as  mere  ceramic  curios- 
ities. As  was  stated  in  the  very  interesting  paper  of  Messrs. 
Purdy  and  Krehbiel  at  last  yeiirs'  meeting  (Transactions, 
Volume  IX,  page  319)  we  have  only  very  scattered  litera- 
ture on  the  subject,  but  I  am  very  proud  to  state  that  the 
most  valuable  and  complete  rec*ords  are  to  be  found  in  the 
Transactions  of  our  society  ^conf.  Transact.  Am.  Cer.  Soc, 
Vol.  IV,  page  37;  Vol.  V,  page  50;  Vol.  VI,  page  186;  Vol. 
VII,  page  42;  Vol.  VIII,  page  336;  Vol.  IX,  pages  319  and 
782. )  It  is  too  early  yet  to  deduce  any  law^  from  the  result 
of  those  few  researches,  but  every  new  experiment  will  be 
a  step  further,  and  I  trust  that  the  assembly  will  excuse 
me  if  I  now  read  a  paper  given  to  me  by  Dr.  Koerner,  mj', 
successor  as  editor  of  the  Sprechsaal,  and  former  manager 
of  the  Majolika  Works  of  Emperor  William  at  Cadinen, 
instead  of  giving  you  an  extemporaneous  talk  on  American 
versus  Continental  Pottery,  which  may  be  better  referred 
to  the  inoflftcial  section  Q.] 

During  experiments  with  uranium  oxide  in  order  to 
obtain  a  red  color,  which  I  started  in  1896  and  after  an 
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iiitermissian  continmHl  at  the  Versuchsansailt  of  the  Royal 
Porzellaiinmnufaetur  Charlottenburg  during  the  year 
1901-1902,  I  observed,  that  combined  with  lead,  uranium 
oxide  has  a  great  inclination  to  form  an  aventurine-like 
glass.  At  first  I  attributed  this  phenomenon  to  the  use  of 
fluxes  containing  a  high  percentage  of  lead  and  tried  to 
overcome  the  difficulty  by  applying  fluxes  high  in  alkalies, 
without  however  a  satisfactory  result.  Finally  T  proceeded 
to  substitute  the  lead-fluxes  bv  bismuth  and  at  once  I  ob- 
tained  crystal^s  of  (juite  a  peculiar  formation,  which  ap- 
peared red,  if  k)oked  at  from  above,  but  glittf*red  like  gold 
from  the  side  and  were  imberlded  in  glaze  of  a  nice  yellow- 
color.* 

I  had  used  at  first  a  lead-uranium  compound  corres- 
ponding to  tlie  formula  Pb()-2  UO.o  afterwai*ds  one  of  the 
comiposition  3  PbO  "2  UO:,.  Although  I  obtained  with  these 
a  red  color,  if  proper  fluxes  were  applied,  the  rf^ult  was 
mostly  a  red  surface  filled  with  flitters,  as  said  before,  on 
the  style  of  aventurine,  but  no  crystals;  even  if  up  to  'iO^c 
were  adde<l  to  lead  glazes,  the  result  remained  the  same  and 
there  appealed  no  crystals  until  I  constructed  lead  glazes 
with  additicmal  bismuth  oxide.  These  crystals,  however, 
could  not  be  compan^l  with  the  well-known  zinc  and  titan- 
ium crystals  in  regard  to  «ize,  although  they  Averc  interest- 
ing and  effective  on  account  of  their  peculiar  color. 

As  it  is  a  known  fact  that  basic  glazes  with  a  high 
percentage  of  lead  may  segregate  lead  under  certain  condi- 
tions, which  process  will  also  lend  a  peculiar  appearance 
to  the  glaze,  I  startcnl  to  investigate  whether  the  crystalline 
segregation  might  be  caus(*d  by  the  lead  or  not.  I  tricnl  at 
first  glazes  without  lead,  but  containing  bismuth,  which 
showed  the  same  segregation.  However,  the  lead-uraniun) 
compound  itf^elf  contained  about  54^  PbO,  and  hence  I 
pro(*eeded  to  construct  a  compound  of  the  formula  Ri2()a  * 
2  Vi):i  and  added  this  to  the  k^dless  glaze.  The  result  was 
the  .siime  crystalline  glaze,  even  the  red  color  ap]>eared,  and 

*Conf.  Riddle,  Trans.  A.  C.  S.,  Col.  VITT,  page  210  and  Minton,  Trans. 
A.  C.  S.,  Vol.  IX.  page  777. 
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this  seems  to  be  sufflcient  proof,  that  the  cause  is  not  a 
segregation  of  lead  or  any  of  its  compounds,  but  a  certain 
crystallizing  substance,  in  the  composition  of  which  bis- 
muth and  urauium  combined  are  the  main  parts.  That  the 
combination  of  l>oth  is  neces*^ary  was  proven  by  tlU'i  fa^t 
that  neither  of  the  two  elements  alone  would  prorluce  the 
same  effec^t. 

According  to  my  idea  bismuth  oxide  in  cousetpienct* 
of  its  stiH)ngIy  basic  natui^e,  endeavors  to  form  a  crystaliz- 
ing  comx)ound  with  uranic  acid,  for  which  process  a  neutral 
or  basic  glaze  will  furnish  the  most  favorable  condition. 
The  glaz(»;^  which  showed  the  best  result,  v/ere  constructe:! 
according  to  the  following  two  formulas : 

A.  0.25  PhO  )  ^jQ 

..»  go,  =„  «  ,^    „  „3  ,,0.        ^'O. 

0.05  MgO  '  °-^^  ^'^' 

B.  0.20  BiO,  )  c:n 

o.i6CaO  )  o.2i,  B.Oa 

Unfortunately  otl.er  dutie.>  pie»enteJ  me  from  further 
studies  on  the  subject,  and  1  must  confine  myself  to  haA'e 
been  the  first  to  call  attention  to  this  peculiar  action  of 
bismuth  and  uranium,  and  to  have  obtained  crystals  at  as 
low  a  temperature  as  Seger  (^one  010-09.  The  trials  were 
succe,?sful  on  Seger  porcelain  ats  well  as  on  a  hard  fire.l 
white  granite  {Htcinf/nt), 

Another  new  (Tystallizer,  which  I  discovered  duriuii; 
the  "same  period,  1901-1902,  is  tungstic  acid  AVO.^,  which, 
however,  yielded  the  desired  result  only  at  the  much  higher 
temperature  of  Seger  (M)ne  8-10.  Experimenting  with  lead 
glazes,  which  were  to  be  non-poisonous  according  to  the 
sense  of  the  (Terman  law,  about  which  I  reported  in  the 
Sprechsaal,  I  also  made  trials  with  Wolfram  trioxide  and 
ol>8erved  in  pouring  the  red-hot  meltel  fritt  on  a  cold  jron- 
plate,  that  the  originally  clear  glass  started  to  show  a 
scum,  which  increased  until  the  Avhole  glaze  became  per- 
fectly opaque.  Further  experiments  demonstrated  that 
opacity  began  sooner  arul  in(  rcasel  quicker  the  higher  tlie 
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percentage  of  Wolframic  acid.  As  a  rule  10%  vrsis  suffi- 
cient to  cause  spontaneous  and  perfect  opacity  during  the 
process  of  cooling.  Melting  such  glasses  on  vases  of  Seger 
porcelain,  those  which  contained  much  alumina  and  were 
rather  ^clammy,  would  not  form  crystals  even  at  high  tem- 
I)eratures  (cone  8-10),  while  those  with  less  alumina  and 
more  or  less  liquid  showed  decided  inclination  to  become 
crystalline.  I  experimented  with  glazes  of  the  following 
formulas : 

a.  RO— 2  SiOr— 0,1  WO3 

b.  RO— 2  SiOj  0.25  BaO«  0.1  WO3 

c.  RO— 2  SiOa  •  o.  50  B2O.,  •  o.  I  WO, 
cl.  RO— 2  SiOs  0.75  B,0,  •  0 . 1  WO3 
e.  RO— 2  SiOs  •  1 .00  B2O,   0.1  WO3 

1.    RO— 0.1  Al.0,-2  SiO.i.oo  B,0,o.i  WO, 

In  these  formulae  RO  was  composed  as  followf» : 

(  0.50  PbO 
p.^— ;  0.30  CaO 
^^-1  o.io  K,0 

^o.io  NaaO 

All  of  these  glazes  showed  more  or  less  of  a  scum,  and 
accordingly  their  surface  was  rougher  or  smoother.  All  of 
them  were  inclined  to  form  crystals,  the  most  perfect  ones 
being  obtained  with  glaze  f,  which  sometimes  showed  very 
peculiar  formations.  Raising  in  this  glaze  the  amount  of 
silicic  acid  to  3  SiOg  corresponding  to  the  formula  g)  RO. 
0.1  AI2I3  •  3  SiO^  •  1  R2O3  •  O.l  WO3  did  not  improve  the 
effect.  Retter  results  were  reached  by  mixing  glazes  a,  f, 
and  g,  which  developed  very  interesting  fernlike  and  star- 
shaped  formations.  The  crystalline  segregations  areen- 
tirelv  different  from  the  well  known  zinc  and  titanium 
crystals,  and  show  partly  pe(*uliar  iridescent  reflexes, 
whi(!h  makes  these  crystals  to  appear  very  distinctly  al- 
though they  are  not  colored  by  any  oxide.  A  few  additional 
experiments  demonstrated,  however,  that  it  is  also  possible 
to  have  the  crystals  colored  with  splendid  effects.  I  am 
sorrv  to  state  that  in  this  instance  also  I  was  unable  to 
follow  up  the  matter,  and  I  will  be  very  much  pleased  if 
this  first  communication  will  instigate  some  one  else  to 
further  investigation. 


THE  NEW  POTTERY  AND  ART  TERRA  COTT A  PLANT 

OF  THE  VAN  BRIGGLE  POTTERY  COMPANY 

AT  COLORADO  SPRINGS,  COLO- 

RY 

Fkank  H.  Riddlk^  Colorado  Springs,  Colo. 

Expt^rience  lias  sliown  that  the  location  of  an  art 
pottery  does  not  depend  as  absolutely  on  the  ])roximity  of 
raw  materials  or  market  as  the  majority  of  other  clay  work- 
ing industries.  However,  the  j^roximity  of  thes(»  raw  ma- 
terials aids  very  greatly,  especially  when  terra  cotta  is 
included  in  the  output  of  a  phmt. 

The  location  of  the  Van  Briggle  Pottery  at  (Colorado 
Springs  has  a  great  many  favorable  features.  The  city  and 
its  beautiful  surroundings  attract  thousands  of  tourists 
every  year.  These  tourists  are  looking  for  the  unusual  and 
the  beautiful,  and  devote  their  time  to  nothing  els<^  but  the 
>?earch  for  these.  The  yalso  wish  souvenirs  as  renuMubrances 
of  the  placc^^  thej^  have  visited,  and  wish  them  to  be  some- 
thing entirelv  chai'acteristic  of  the  localitv.  Thev  have 
long  ago  become  tired  of  buying  Indian  relics  which  are 
manufactured  bv  the  thousands  in  the  East.  Thev  start 
out  with  the  expectation  of  spending  money,  and  conse- 
quently are  willing  to  jray  a  reasonable  price  for  character- 
istic products.  If  they  visit  the  plant  and  see  the  products 
in  the  various  stages  of  manufacture  these  products  are 
Ktill  more  interesting  and  more  to  be  desired. 

A  collection  of  dirty,  smoky,  tumbled-down  buildings, 
or  even  the  usual  factory  building  down  on  a  railroad  or  on 
the  outskirts  of  a  city  is  neither  unusual  or  beautiful,  and 
is  the  last  place  to  attract  people.  To  overcome  this  defect 
and  to  make  a  place  easily  accessible  this  plant  was  located 
in  a  beautiful  park  very  close  to  the  business  portion  of 
town,  and  also  where  it  could  be  seen  from  one  of  the  main 
drives  taken  by  the  sight-seeing  public.     This  particular 
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location  also  puts  the  bviikling  about  three*  blocks  from  the 
lK\st  residence  portion  of  the  city,  and  makes  it  convenient 
for  the  town  people  as  well  as  the  tourists.  It  is  also 
about  200  fcH^t  fr<mi  the  main  line  of  two  railroads,  so  that 
a  spur  can  be  put  in  if  occasion  demands.     • 

The  buildinj*:  itsi*lf  was  designed  with  a  view  of  having 
not  <mly  a  properly  built  faetoi*}'  but  also  having  the  ex- 
terior, salesroom,  etc.,  very  beautiful  and  attractive,  and 
decorated  entirely  with  the  products  of  the  pbuit.  This 
company  operated  a  small  plant  in  another  part  of  the  city 
for  .s(*veral  years  before  moving  into  the  new  one,  and  made 
all  the  decorative  work  for  the  new  phint  there.  The  style 
of  architecture  enables  the  builders  ami  architects  of  the 
locality  to  see  what  beautiful  effects  can  be  produced  by 
the  use  of  clay  wares,  and  at  the  same  time  shows  just 
what  can  be  pi-oduced  at  this  particular  plant. 

The  accompanying  cuts  sh<nv  the  general  method  of 
<]esign  but  do  not  bring  out  the  colors,  which  add  a  great 
deal  to  the  general  etfect.  The  building  is  of  brick  laid  in 
Flemish  bond  and  a  great  many  black  headers  used.  The 
ro-of  is  of  a  dark  grcn^n.  To  break  the  monotony  a  great 
many  highly  colored  matt  glaze  tiles  are  used,  ranging  from 
turquoise*  to  green,  yeHow  and  plum  colors;  also  glazeil 
terra  cotta,  as  well  as  the  natural  colors.  Again,  a  com- 
bination of  iridescent  and  matt  glazes  is  used.  To  some 
p(H>ple,  especially  those  living  in  gray,  foggy  localities, 
thc^se  colors  would  stn^m  peculiar,  but  Colorado  is  a  bright 
sunshiny  place,  and  all  the  color  schemes  are  arranged 
with  a  view  of  the  surroundings. 

It  will  be  seen  fi-om  previous  statements  that  the  local 
trade  is  no  mean  factor  in  the  business.  Again,  art  [tottery 
is  light,  and  can  be  shipped  to  the  various  markets  as  well 
from  this  section  as  any  other. 

The  plant  was  designed  with  a  view  of  making  as  wide 
a  range  of  products  as  possible,  and  these  in  rather  small 
quantities.  This  re<|uires  a  very  complete  set  of  nmchinery 
of  small  capacity.  The  out-put  of  the  plant  is  matt  glaze 
art  pottery,  small  i)ieces  of  glazed  terra  cotta  for  mantels, 
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chimney  tops,  interior  decorations,  and  repress  tile  for  the 
sanie  work,  dry-press  tile  for  hearths,  and  also  flower  pots 
and  garden  decorations. 

The  raw  materials  for  the  above  products  are  close  at 
hand  and  in  large  quantities.  For  a  description  of  Color- 
ado flays  see  Transacticms  A.  C.  S.,  Geijsbeek,  Page  98, 
Vol,  VIII.  Within  live  miles  of  the  plant  are  deposits  of 
clay  ranging  in  color  from  dark  red  to  cream  buff,  and  in 
quality  from  a  fair  grade  of  lire  clay  to  an  unusually  re- 
fractory red-burning  clay,  that  is,  a  red-burning  clay  which 
matures  at  about  cone  -l-H,  as  compared  with  the  usual  red- 
burning  clays  maturing  at  cone  0(M.  There  is  also  a  two- 
foot  vein  of  real  flint  fire  clav.  The  above  range  of  clavs 
covers  all  the  kinds  necessiiry  at  this  plant.  The  light  buff 
clay  is  used  for  jK^ttery,  buff  tile,  terra  cotta,  saggers,  etc., 
and  the  red  clay  for  flower  pots,  dry-i)ress  floor  tile,  dark 
nnl  t(Tra  cotta  and  similar  wares. 

MECHAxNICAL   EQUIPMENT 

Electricity  is  used  for  i)()wer,  and  is  distributed  about 
the  plant  by  five  separate  nu)tors.  The  entire  power  re- 
(juired  is  371^  II.  P.  This  small  amount  of  power  is  ob- 
tained from  a  local  power  plant  at  a  rare  much  chetiper 
than  it  could  be  made. 

The  nmchinery  for  clay  preparation  consists  of  a  com- 
l)lete  day-washing  plant.  This  furnishes  the  casting, 
throwing  and  jigger  <'lay,  also  the  flittered  clay  for  the  dry- 
press  tile.  For  this  i)urj)ose  the  clay  after  leaving  the 
filt(T  press  is  dried,  broken  up,  the  desired  amount  of  water 
added  and  then  run  through  th(*  dust  mill,  screened  aiid 
stored.  It  might  be  stated  here  that  the  same  natural  clay, 
withimt  the  addition  of  any  flint  or  spar,  is  used  success- 
fully for  all  the  above-mentioned  things,  so  that  the  clay 
lequired  for  each  dei)artment  is  taken  out  when  in  the 
proper  stage. 

A  combination  dry  and  wet  i)an  is  used  for  the  grind- 
ii^g  of  clay  and  grog  and  the  tempering  of  sagger,  wad, 
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repress  tile,  and  terra  eatta  clay.  A  potter's  pu}^  mill  is 
also  used  for  i>art  of  the  above. 

ilost  of  the  pottery  is  east,  some  few  larj^e  pieces 
pressed;  and  howls,  heer  mugs,  plates,  a«h  trays,  and  simi- 
lar shapes  jiggered.  Tlie  mechanieal  eiinipmeut  for  the 
manufacture  consist^s  of  a  poAver  throwing-wheel,  a  kick- 
wheel,  a  pull-down  and  jigger,  and  a  dry-press  tile  machine. 
The  jigger  is  designed  for  all  sixed  work  and  a  small  head 
will  be  used  for  small  work,  and  larger  for  large  work.  A 
small  lever  pull-down  is  used  for  ash-traj'S,  plates,  etc. 

The  drying  is  a  very  small  problem,  as  the  (^laj's  are 
rather  open  and  the  atmosphere  is  extremely  dry.  In  sum- 
nier  all  casting  moulds  are  dried  in  open  air. 

KILNS. 

The  burning  is  done  in  regular  potters'  up-draft  kilns. 
The  teiTa  cotta  is  small  work  and  of  high  (luality,  so  it  can 
be  saggered  all  right.  The  burning  is  perhaps  the  hardest 
problem  the  plant  has  to  contend  with.  Horizontal  grate 
bars  are  us(h1  l)ecause  the  fuel  is  not  suitable  for  dead- 
bottom  boxes,  and  again  the  firemen  obtainable  in  this 
secticm  of  the  countrv  have  never  seen  anvthinii:  but  boiler 
file  boxes. 

The  fuel  used  is  a  lignite  for  the  beginning  and  uj)  to 
red  heat  and  a  bituminous  coal,  known  as  Maitland,  for  the 
higher  heats.  The  lignite  is  hauled  directly  from  the  mines 
onlv  about  two  miles  olf,  and  the  better  c<ml  is  carried  b^- 
rail  from  Canon  (Mty,  a  distance  of  about  eighty  miles. 

A  glance  at  the  cut  of  the  interior  of  tlie  kiln  house 
will  show  a  rather  peculiar  construction  at  the  fire  boxes. 
The  location  of  the  plant  is  such  that  an  excessive  amount 
of  smoke  would  be  very  objectionable,  consequently  the 
l>oxes  were  so  constructed  that  most  of  the  air  goes  in  over 
the  fire  boxes.  This  was  done  not  only  with  the  hope  of 
nmking  more  nearly  perfect  combustion,  and  consequently 
little  smoke,  but  also  to  drive  the  flames  to  the  well-hole 
of  the  kiln  and  thus  keep  the  bottom  hotter.  At  the  old 
plant  the  kilns  were  the  same  with  the  exception  of  the  air 
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holes  over  the  boxes,  and  the  fact  that  the  fuel  was  fed  in 
through  a  hole  in  the  top  of  the  hub  instead  of  through  a 
fire  door  at  the  side.  The  old  way  recjuired  two  men,  one 
to  pull  covers  and  the  other  to  feed  the  fuel,  [t  also  al- 
lowed fresh  fuel  to  go  on  to  the  hottest  part  of  the  fire  box 
and  produce  enormous  volumes  of  smoke,  and  also  send  the 
heat  directly  up  the  bags.  The  present  way  one  man  fires 
and  puts  the  fresh  fuel  in  the  cool  part  of  the  box  and 
gradually  cokes  it  before  shoving  it  to  the  hotter  parts. 
Actual  operation  of  both  the^e  kilns  by  the  same  fireman, 
and  loading  in  the  same  manner,  has  shown  that  much 
better  results  are  obtained  with  the  over-draft  box,  not 
only  in  producing  less  smoke  but  also  in  obtaining  more 
uniform  burns.  However,  the  latter  are  much  more  sensi- 
tive to  slight  changes  and  recpiire  more  constant  attention. 

GLAZE   DEPARTMENT. 

Perhaps  the  only  unusual  part  of  the  glaze  department 
is  tlie  method  of  the  recovery  of  glazes.  A  good  part  of  tlie 
art  ware  is  not  dipped  but  sprayed  with  an  atomizer.  The 
spraying  is  done  in  sni'all  sheet  iron  booths  similar  to  those 
in  common  use.  The  surplus  glaze  is  sucked  out  by  a  fan, 
Init  instead  of  being  blown  away  it  is  sent  through  a 
separator  and  recovered.  Of  ccmrse  this  cannot  be  done 
when  glazes  of  different  chemical  formula  are  used,  but  it 
is  satisfactory  when  the  same  glaze  with  different  colors 
is  used.  In  this  case  a  large  batch  of  the  rec-overed  glaze 
is  screened  and  tested  for  color  and  corrected.  Of  course 
only  dark  colors  can  be  profluced,  but  they  are  usually  very 
fair  greens.  In  this  way  all  the  wa^te  glaze  frtmi  the  i)()t- 
terv  is  uswl  on  tile. 

The  glaze-grinding  room  is  ecpiippeil  with  l)all  mills 
entirely,  and  is  of  sufficient  capacity  to  grind  all  the  raw 
glaze  materials  necessary.  Most  of  these  are  obtainable 
from  local  out-crops.  The  plant  has  a  complete  chemic^al 
laboratory  in  connection,  so  that  the'^e  local  materials  can 
be  tested  and  used  satisfactorilv. 
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Where  the  methods  and  eciuipuieut  have  not  Wnni  men- 
tioned thev  are  very  Himilar  to  tlie  common  methods  which 
would  be  used  in  a  phmt  of  similar  character. 

The  buiWing  is  divided  into  three  main  departments, 
the  manufacturing:,  art,  and  executive  department.  The 
executive  department  consists  of  office,  salesroom,  gloss 
ware  house  and  packing  room.  These  deparlments,  al- 
though separat(Hl,  are  in  the  proper  position  in  relation  to 
ore  another.  The  manufacturing  dejmrtment  is  e<|uipped 
with  cement  floors  throughout  as  well  as  electric  ]ight  and 
steam  heat. 

One  objection  raised  by  some  people  at  being  out  of  a 
pottery  center  is  the  trouble  to  get  skilled  labor.  This 
plant  in  seven  years'  experience  has  found  that  with  one 
person  having  a  general  knowledge  of  manufacture  in  all 
the  branches  and  a  gCK)d  practical  potter  as  thrower, 
turner,  and  mould  maker,  common  laborers  can  be  taught 
tl»e  rest  with  fair  success.  At  prt*sent  the  force  has  a 
jiggerman,  mould  maker,  kilnman,  sagger  maker,  trimmers, 
and  in  fact  all  the  recjuired  helpers.  With  the  exception 
of  the  two  mentioned  above  not  one  of  tlie?«e  emi)loyt*es  has 
ever  been  in  a  pottery  l>efore.  Of  coui^se  the  t*»rtching  re- 
fjuires  patience  and  scmie  loss,  but  most  of  the  employees 
worked  around  when  the  ])ottery  was  smaller  and  have 
grown  with  the  plant.  Again,  in  a  small  place  the  men 
will  be  thrown  from  one  job  to  another  and  so  become 
skilled  in  several  branches.  Experience  has  shown,  how- 
ever, that  it  is  wi.se  to  always  have  at  least  two  who  can  do 
the  same  work.  The  cost  of  labor  is  no  more  than  in  pot- 
tery centers,  and  in  such  a  small  force  as  is  recpiired  in  this 
plant,  orgarized  labor  has  nut  much  chance  to  assert  itself. 


POTTERY  PLASTER. 

IIaurisox  EvERETr  As^HLEY^  Newell,  W.  Va. 

This  i)aijer  will  be  divided,  in  a  measure,  into  a  con- 
sideration of  the  occurrence  of  j^ypsum  and  the  manufac- 
ture of  plaster,  the  chemistry  of  plaster,  and  various  tests 
made  by  the  writer  on  pottery  plaster.  Altluiujj:h  other 
sources  have  been  consulted,  the  first  part  of  the  paper  has 
been  larij:elv  extracted  from  a  work  bv  G.  P.  iirimslev  on 
"The  (iyi^sum  of  Michii2:an  and  the  Plaster  Industry,"  pub- 
lished under  the  direction  of  the  Board  of  Geological  Sur- 
vey' of  the  State  of  Michigan. 

Gypsum  is  a  mineral  whose  chemical  formula  when 
pure  is  TaSO^  (HaG)^,  and  whose  ccmiposition  is  Lime 
(GaO)  32.5  per  cent,  Sulphuric  anhydride  (SG3)  4r).()  per 
cent.,  and  Water  (H2O)  20.9  per  cent. 

It  is  one  of  the  softest  minerals,  occurring  in  soft 
colorless,  white  or  slisjhtlv  tinted  masses,  which  mav  be 
granular  or  compact,  or  may  be  translucent  and  silky, 
tibrous  or  transparent,  and  cieavable  into  plates  ami  strips. 
Tl:e  latter  forms  of  occurrence  are  evidence  of  a  crvstalline 
nature,  and  well  developed  crystals  are  common. 

At  18^  Gentigrade  1  part  gypsum  dissolves  in  380 
parts  of  water,  at  24^G.  in  378  parts. 

(lypsum  occurs  in  large  beds  with  limestones,  nnirls, 
and  (*lays,  and  in  volcanic  regions  with  sulphur.  It  is 
found  in  many  parts  of  the  United  States  and  other  coun- 
tries. The  Michigan  deposits  are  the  largest  pnxlucing  in 
this  country,  but  Ohio,  New  York,  Virginia,  Iowa,  and 
some  other  states  also  produce  considerable  quantities. 

The  products  are  land  plaster,  retarded  wall  plaster, 
plaster  of  Paris,  pottery  plaster  and  dental  planter. 

The  manufacture  of  the  last  four  plasters  of  the  list 
above  depends  on  the  following  chemical  basis:     When 
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gypsum  is  heated,  it  bejj^ins  to  give  oit'  water  at  80-(\  At 
1:J5^  to  V2H^  this  action  is  carried  ou  most  thorouj^hlv  until 
three  quarters  of  the  total  water  has  been  given  up.  The 
fornnihi  thus  becomes  (CaS04)2  HgO,  and  the  product  is 
phister  of  Paris.  From  130^  to  150°  practically  no  water 
is  given  off.  Between  103^  and  194°  the  remaining  i)ortion 
of  water  is  given  off,  and  the  formula  becomes  CaS(>4.  This 
action  is  fully  completcHl  at  200°.  Plaster  Paris,  on  iK'ing 
mixed  with  water  recombines  with  it,  forming  a  substance 
of  the  same  chemical  c(miposition  as  the  original  gypsum 
rock.  Tlu*  fully  dehydrated  gj'j)sum  also  recombinc^s  with 
water  readilv  unless  heated  bevond  221°C.,  after  which  it 
will  recombine  and  set  only  slowly.  If  heated  beyond  343°, 
it  is  "dead  burned,''  and  will  not  set  on  addition  of  water. 
These  relatitms  nmy  l)e  exi)ressed  as  follows: 


CaSO*(H,0)2  C         — >-CaS04(HiO)— H...0 

80'' -1 25** -1 28°        i30°-i5o'*       i63°-i94°     2C0 


CaSOWHsO),  t  - — »►  2  CaSO. 


The  typicjil  ilichigan  process  of  manufacture  (origi- 
nally introduced  from  New  York)  is  as  follows: 

The  quarried  rock  is  reduced  by  a  jaw  crusher  to  the 
size  of  a  man's  hand,  by  a  cracker  (mill  with  (^nes  like  a 
coffee  mill)  to  the  size  of  small  gravel,  and  by  ordinary 
buhr  mills  or  emerv  stone  mills  to  a  coarse  flour.  This  is 
elevated  to  bins  and  fed  to  calcining  kettles.     ( Fig.  I.) 

(Fig.  I  is  taken  from  page  120  of  Grimsley's  ''Gypsum 
of  Michigan.'') 

These  consist  of  a  hollow  cylinder  of  %"  boiler  steel, 
of  equal  width. and  depth,  about  8  ft.  or,  more  commonly, 
10  ft.  This  is  set  on  an  iron  ring.  On  the  ring  is  aI;so 
placed  a  %"  cast  iron  bottom,  convex  upward.  Through 
the  kettle  pass  two  or  four  horizontal  flues.  A  stirrer  close 
to  the  bottom  makes  about  15  revolutions  per  nunute,  and 
ust*s  10  to  25  horse  power.  A  10  foot  kettle  calcin(\s  314 
tons  gypsum  per  hour.  "In  an  hour  after  the  gypsum 
kettles  are  filled  the  temperature  reaches  110°(\,  and  the 
mass  is  seen  to  be  boiling  vigorously,  as  the  water  is  driven 
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off  and  nut  throufili  the  vapor  stsn'ks  above.  ^^'lleIl  tlie 
teiiipwature  iucreascs  to  13ii°C,  the  gvpsnm  settles  doAvn 
solid,  leaviufi  16  itirliei^  or  more  of  vacant  space  at  the  top, 
and  the  steam  nliiioHt  ceases  to  rise.  At  138^^  to  143"('.  the 
mass  coiuoM  up  agaiii,  often  throwing  a  part  of  Hie  material 
over  the  top  of  the  kettle.  When  the  temperaturp  of  177^ 
to  188"  is  readied,  the  plaster  is  readily  withdiuwn  throngh 
a  gate  near  the  l«>ttom,  controlled  by  a  lever  alwve,  into  a 
firebrick  bin  on  the  ground,  and  the  Ivettle  is  then  refilled.*' 
In  some  mills  a  few  yesirs  ago,  and  occasionally  at  tln^ 
present  time,  the  plaster  was  drawn  after  the  first  setting. 
This  method  wonid  enable  the  manufacturer  to  make 
plaster  in  a  sliorfer  periwl  of  time  and  s()  increase  the 
capacity  and  lower  tlie  cost  of  fuel  ami  labor.  "Such  plas- 
ters have  not  been  received  with  satisfaction  by  the  trade. 
They  are  of  lower  strength  and  are  often  n^jected  by 
plasterer.^." 
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"In  a  specimen  of  the  Michigan  plaster  obtainecl  from 
oiie  of  the  mills,  the  water  percentage  afU^r  the  first  settling 
was  5.70  per  cent.  This  analysis  would  not  condemn  the 
planter  in  the  first  sample.  It  is  similar  U)  the  amount  in 
the  Blue  Kapids  plaster  of  Kansas,  whi(*li  is  a  standard 
grade  of  plaster." 

'*The  formula  of  the  calcined  plaster  (CaKOJg  HgO 
calls  for  6.2  per  cent,  of  water  and  93.8  pei  cent,  of  calcium 
sulphate. 

The  calcined  plaster  is  elevated  to  sloping  shaking 
screens.    The  tailings  are  ground.    The  mesh  of  sieves  is  in 

Western  United  States 30-35  per  linear  inch 

ilichigan  and  Ohio 35-45  per  linear  inch 

New  York 40-45  per  linear  inch 

One  of  the  manufacturers  of  pottery  plaster  uses  a 
disintegrator  and  air  separator  instead  of  a  screen. 

To  the  wall  plasters  a  retarder  is  now  addel  in  a 
mixing  nmchine.  The  retarder  is  generally  of  a  glue-like 
nature.  Some  of  the  ingredients  usej  are  glue,  hair,  saw 
dust,  blood,  tankage,  etc.  IMastcr  Paris  would  "set  in  a 
few  minutes,''  but  four  to  six  pounds  retarder  per  ton  will 
delay  set  three  to  four  hours.  Unless  specially  ordered, 
wall  plasters  are  mixed  to  delay  set  al>out  two  hours.  A 
retarded  plaster  is  weaker  than  an  untreated  plaster. 

There  are  two  theories  as  to  the  action  of  retarders. 
One  is  that  by  holding  the  water,  as  dried  organic  tissues 
have  a  strong  aflflnity  for  water,  tlie  retarder  gives  the 
water  up  but  slowly  to  the  plaster,  and  the  crystallization 
is  delayed.  The  other  is  that  glues  increase  the  viscosity 
and  hence  retard  circulation.  The  growing  crystal  sooii 
exhausts  its  immediate  neighborhood  and  new  material  is 
only  slowly  fed  in.  This  seems  the  more  probable.  The 
discussion  of  setting  should  properly  have  preceded  men- 
tion of  retarders. 

Theoretically  when  18  per  cent,  of  water  is  mixed  with 
plaster  Paris,  it  recombines  with  it,  and  forms  a  substance 
of  the  same  chemical  composition  as  the  original  gypsum 
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rofk.  Grinisl(*y  says,  *'To  obtain  all  the  stren^Ui  of  the 
I)laster  it  is  stiff  gaiij^ed  by  adding  very  little  water." 

Thorpe  says  (Industrial  Chemistry,  p.  163)  that  30-35 
per  cent,  is  practically  used.  In  my  test  work,  I  find  it 
necessary  to  use  75  per  cent,  to  get  a  thorough  mixture 
by  stirring. 

AA'eelans  (Trans.  Amer.  Cer.  Soc.  IX,  p.  193)  states 
that  85-95  ])er  cent,  water  gives  the  best  results  for  some 
classes  of  mould  making  for  sanitary  pottery. 

Under  the  microscope,  it  is  found  that  the  entire  mass 
of  set  plaster  consists  of  interlaced  crystals.  ''According 
to  Le  Chatelier,  the  plaster  of  Paris  compound  (CaS04)n 
IIoO  dissolves  in  part  of  the  added  water,  which  diminishes 
the  solubility,  and  the  solution  becomes  therefore  super- 
saturated and  (CaS04)2  HgO,  or  gypsum,  crystallizes  out. 
In  other  words,  the  plaster  of  Paris  dissolves,  and  becomes 
hydrated,  then  crystallizes  out  as  gj'psum,  and  every  par- 
ticle of  the  plaster  goes  through  these  steps. 

According  to  m^'  own  theory,  which  is  based  on  the 
work  of  Le  Chatelier,  an<l  others,  and  on  the  testing  meth- 
ods to  be  described  further  on,  the  plaster  of  Paris  is  first 
hydrated,  then  dissolves  in  water,  then  crystallizes  out  as 
gypsum.  The  hydration  is  aconii)anied  by  a  rise  in  tem- 
perature. The  hydrated  plaster  <*oats  masses  of  unhy- 
diiited  plaster  that  the  water  fails  to  penetrate  to  at  first. 
This  causes  a  halt  in  the  process  of  hydration.  The  excess 
of  free  water  at  once  begins  to  dissolve  the  hydrated  plas- 
ter. This  reaction  mav  be  sufficiently  energetic  to  lower  the 
temperature  for  a  period  that  may  extend  to  15  or  20  min- 
utes with  pottery  plaster.  When  the  water  becomes  satur- 
ated, gypsum  (('aS04)  2  HgO  starts  to  crystallize  out. 
As  soon  as  crystallization  starts,  the  set  begins,  and  pro- 
ceeds more  and  more  rai)idly  for  a  time  until  nearly  com- 
plete. The  temperature  rises  rapidly.  This  is  because  the 
growing  crystals  furnish  a  place  to  deposit  t\w  dissolved 
plaster;  the  water  then^fore  dissolves  the  more  soluble  non- 
crystalline hydrated  plast(»r  more  rapidly,  uncovers  the 
still  unhydrated  piaster,  and  hy<lrates  it,  thus  develojiing 
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heat  in  considerable  quantity.  The  more*  finely  ground  a 
plaster  is,  the  more  extensive  is  the  initial  hydration,  the 
more  rapidly  is  the  water  saturated  with  hydrated  jilaster, 
and  the  sooner  does  the  set,  or  crystallization,  commence. 
The  prime  mover  of  these  actions  is  the  energy  of  hydra- 
tion, supplemented  by  the  solvent  action  of  water,  and  the 
difference  in  solubility  of  uncrysttillized  and  crystallizwl 
((^aS04)  2  H2O. 

Plaster  of  Paris  may  be  hardened  by  mixing  alum, 
iMH'ax,  or  tartaric  acid  with  it,  or  by  adding  some  alcohol 
to  the  water  with  which  the  plaster  is  mix^Ml.  However 
these  substances  retard  the  setting,  and  most  of  them  de- 
crease the  porosity,  which  must  be  preserved  for  pottery 
purposes. 

Tests. 

t<icvc.  The  first  test  I  make  is  to  sieve  50  or  100  grams 
through  an  80  mesh  sieve.  (31.5  meshes  per  linear  centi- 
meter.)    The  residue  obtained  on  the  sieve  is  verv  trouble- 

9 

some  to  mouldmakers;  as  instead  of  staying  susi)entled  in 
the  water  used  for  blending,  it  sinks  to  the  lK>ttom  of  the 
can.  If  in  the  plaster  i>oured  for  moulds  that  have  to  be 
scraped,  the  hard  lumps  cause  long  unsightly  scratches  on 
tlie  scrai)ed  surface.  (Miemically  this  coarse  matter  is  as 
much  plaster  Paris  as  the  fine  stuff,  but  mechanically  it  is 
very  objei^tionable. 

Tensile,  I  do  not  use  the  popular  tensile  strength  test. 
A  f(»w  observations  from  Grimslev  will  be  of  interest.  A 
lot  of  plaster  exposed  to  atmospheric  conditions  for  a  year 
in  an  unheated  room  decrwisnl  in  strength  from  595  to  7yM\ 
I>oun(ls  on  1  month  briquettes.  A  number  of  tests  put  out 
doors  as  s(K)n  as  set  and  kept  out  for  a  v»oek  with  a  tem- 
perature below  0^(\  showed  an  average  of  500  pounds. 
Samples  of  underburned  i)laster  (high  i)ercentago  of  water 
by  analysis)  broke  under  100  pounds,  tests  ot  overburntnl 
plaster  broke  at  150  poun<ls,  tests  of  properly  burnt  i>last(*i' 
of  the  same  brand  broke  at  42fi  ]>(>unds.  I'nderburning  aj)- 
pt^ars  to  be  a  greater  evil   than  ov(M*burning.  as  far  as 

A.  C.  S.  -  6 
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strength  is  concerned;  but  for  pottery  purposes,  under- 
burned  is  better  than  overburned.  Standing  in  water  de- 
creased the  strength. 

Hi'utiiHj.  In  a  (lennan  work  I  found  it  mentioned  that 
the  strength  of  plaster  Paris  may  be  measured  by  the  heat 
evolved  on  mixing  it  with  water.  Shortly  after  this,  the 
following  information  came  from  a  prominent  manufa<'- 
turer:  ''We  take  a  small  quantity  of  plaster,  say  about 
three-quarters  of  a  pound,  mixing  same  with  en<mgh  clean 
water  to  make  a  stiff  i)aste,  on  a  slab  of  glass  or  marble. 
Wlien  it  hardens  sufficiently  to  support  itself  we  insert  a 
thermometer  in  the  i>aste.  When  it  begins  to  set  quite  hard 
the  cake  will  begin  to  show  heat  and  the  heat  will  increase 
until  it  is  fully  set.  Then  the  mercury  will  begin  to  droj). 
Tlmt  usually  takc^  from  35  to  45  minutej*  and  shows  that 
the  jjlaster  is  set,  but  the  plaster  is  hard  enough  at  frcmi 
28  to  30  minutes  so  that  you  can  make  no  impression  in  it, 
and  that  time  we  call  the  time  of  set,  bui  actually  bv  the 
thermometer  there  is  a  few  minutes  longer  of  action  going 
on,  though  the  plaster  does  not  seem  to  get  any  harder,  or 
(*:*ough  harder  to  tell  it  by  our  methods.  The  thermometci* 
usually  shows  in  winter  from  75  to  80  degrees.  Then  tl.e 
action  in  the  plaster  stops.  In  the  summer  it  runs  up  to 
1)0  and  100  degrees,  depending  how  warm  the  weather  is.'* 

Starting  with  the  al)ove  information,  I  developed  tlie 
following  hcathiff  test:  75  gi*ams  water  is  put  in  a  cup 
and  its  temperature  determined.  100  grams  plaster  is 
added,  and  mpidly  stirred  t«  a  uniform  consisten<\y.  A 
thermometer  is  inserted  and  readings  taken  of  time  and 
temperature. 

Figure  2  sliows  re>;ults  obtainnl  by  this  method  on 

Dental  plaster  with  0.74 ^/f  residue  on  80  nu^sh. 

An  American  Pottery  plaster  with  1.10^^  residue  on 
80  mesh. 

An  Englisli  Pottery  plaster  with  O.oV/f  residue  on  80 
mesh. 

Common  Plaster  Paris  with  12.909^  residue  on  80 
mesh. 
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While  the  figures  above  show  how  coarse,  they  do  not 
sliow  how  fine.  The  latter  information  is  given  in  the  lower 
left  hand  corner  of  the  diagram  by  the  rapidity  of  the 
initial  rise  in  temperature  (heat  evolution  beiause  of  hy- 
dration of  plaster). 

According  to  my  theory  of  set,  this  rise  sliould  be  the 
larger  and  more  rapid  the  finer  the  plaster, !.  e.,  the  greater 
the  surface  of  the  plaster  exposed  for  a  given  weight  of 
nmterial  to  the  action  of  water. 

Following  the  initial  rise  comes  a  retardaticm,  or  even 
a  fall,  in  the  case  of  the  American  pottery  plaster  sample. 
This  is  due  to  solution  of  the  hydrated  plaster  in  water,  a 
l)henomenon  accompanied  by  a  cooling  effect,  an  absor[>- 
tion  of  heat.  In  the  case  of  the  dental  plaster  the  solution 
is  effected  very  quickly,  so  that  the  process  of  hydration  is 
but  little  retarded.  With  the  pottery  plaster,  solution  is 
much  slower,  and  only  at  the  end  of  20  or  25  minutes  is  a 
second  very  decided  rise  in  temi)erature  noted.  At  this 
time,  the  mixture  in  the  cup  ceases  to  be  fluid,  ami  assunuM 
a  solid  look,  energetic  crystallization  has  set  in,  though 
still  (|uite  soft  to  the  touch.  The  common  plast(»r  Paris  is 
much  coarser,  solution  and  i^rvstallization  start  so  slowlv 
and  i>:raduallv  that  the  entire  curve  is  verv  snu)otii. 

All  these  samples  have  been  calcined  to  about  the  snme 
(*xt(»nt,  as  is  shown  by  their  heating  about  the  same 
rmoMut.  I  am  not  able  to  exi)lain  why  the  finer  \mericjM\ 
p(jtt(*ry  plaster  is  slower  than  the  coarse  ])laster  Paris  in 
reaching  its  temperature  maximum.  Poss'bly  •  it  is 
"ri^tarded''  a  little;  but  this  is  a  mere  guer?'^. 

The  sample  of  English  pottery  plaster  was  received 
after  the  foregoing  was  written.  It  is  intermediate  in  fine- 
n(»ss  between  the  American  potterv  plaster  and  dental 
|)1  aster. 

These  heating  curves  cannot  always  be  confidently 
relied  on  for  a  full  description  of  the  character  of  a  siimple 
of  plaster,  but  are  a  very  convenient  basis  for  cnm]»arisons. 
Fig.  3  shows  curves  obtained  from  two  l»arrels  of  pottery 
])last(»r  in  the  same  car-load  and  of  the  sam<»  date,  and 
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illustrates  the  variability  of  i^laster  as  now  mauiifacturexl. 
The  coarser  plaster  wiis  the  sloAver  in  startiiifi;  to  crystal- 
lize and  the  slower  in  reaching  final  set;  it  was  also  not  so 
well  burned  as  the  other  barrel. 

F'igure  i  shows  the  difference  between  the  coarse  mat- 
ter retained  on  an  80  mesh  sieve  and  the  fine  matter  passing 
the  same.  The  fine  matter  is  slower  starting  to  crystallize, 
but  reaches  final  set  the  earlier.  It  is  better  l)urned,  or 
contains  less  inert  matter,  as  is  shown  by  the  higher  t(*m- 
perature  attained. 

Both  the  fine  and  coarse  portions  of  this  test  were 
neutral  to  litmus.  .  The  temperatures  used  in  calcining 
gypsum  are  so  low  that  any  (*arlK)nate  of  lime  present 
would  not  be  decomposed,  and  no  free  lime  plays  a  part  in 
the  setting  of  pottery  plaster. 

Afjeing,  The  phenomena  of  "ageing''  moulds  are  prob- 
ably in  close  relation  to  those  of  setting.  We  may  make  a 
few  conjectures  on  the  process  as  follows:  MaTiy  chemical 
substances  when  formed  by  wet  i>rocesses  may  readily  be 
redissolved  by  proper  solvents;  but  if  allowed  to  stand  or 
age  a  while  become  difficultly  soluble  or  wholly  insoluble. 
It  is  possible  in  these  cases  and  very  probable  in  the  case 
of  gypsum  plasters,  that  this  is  a  process  of  crystallization. 
It  has  been  repeatedly  observed  that  when  large  and  small 
crystals  are  both  present  in  the  sanu*  solution,  that  the 
large  crystals  grow  at  the  expense  of  the  sum  11  ones.  If 
this  is  so,  we  have  a  reason  for  the  greatc^r  wearing  ]>ower 
of  aged  moulds  (estimated  at  10^  by  Mr.  Her  ford  Hope). 
It  might  be  said  that  the  ageing  process  should  be  expec*ted 
to  continue  in  the  clay  shops;  but  it  must  be  borne  in  mind 
that  each  piece  of  clay  shaped  on  the  mould  leaves  in  it 
soluble  salts,  t*olloidal  matters,  et(*.,  which  tend  to  stop 
processes  of  crystallization. 

Drip  Tent,  Another  test  used  by  me  is  to  put  the 
formed  piece  under  a  wat€*r  faucet  that  is  dripping  with  a 
small  unsteadv  stream,  and  allow  it  to  stav  there  one  hour. 
The  result  of  this  combination  of  mechanical  and  solvent 
wciir  is  that  the  piece  assumes  the  appearance  of  moulds 
that  are  ready  to  be  dis(*arded  from  the  clay  shop.     Hard 
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lumps  appear  raised  above  the  surface,  and  there  are 
numerous  air  pits  uncovered. 

The  uncovering:  of  these  air  pits  usually  makes  the  ir- 
regularity of  surface  that  necessitates  discarding  a  set  of 
moulds, 

I  have  experimented  some  as  to  means  of  getting  out 
the  air  more  thoroughly  than  is  common  in  ordinary 
blending. 

First,  I  blended  the  plaster  with  boiling  water.  It 
partially  accomplished  the  desired  end;  but,  as  might  be 
expected,  so  accelerated  the  set  as  to  make  the  method 
impracticable. 

Second,  I  blended  plaster  and  water  in  a  ball  mill.  In 
one  and  three  (juarters  minutes  the  rattling  sound  in  the 
ball  mill  ceased.  The  grinding  action  of  the  mill  had  so 
accelerated  the  hydration  that  this  metlipd  is  impracti- 
cable. Third,  I  blended  the  plaster  and  water  in  a  small 
blunger.  After  the  plaster  was  all  wetted,  bubbles  of  air 
rose  to  the  surfa<*e  until  I  stopped  the  mill  to  pour  the 
plaster.  The  air  bubbU^  were  reduced  In  number  an<l 
especially  in  size,  when  tested  by  the  drip  test. 

Vitrifying  Action  of  Moulds.  The  effec't  of  moulds  on 
ware  is  of  interest.  Dippers  have  told  me  that  one  surface 
of  certain  lots  of  ware  was  softer  than  the  other.  On  exam- 
ination I  found  the  hard  side  to  be  the  side  that  was  next 
the  plaster  mould  in  forming. 

I  made  the  following  tests:  Cast  body  trials  were* 
made  on  new  and  old  moulds,  in  each  case  starting  with  a 
dry  mould,  which  was  dried  as  rapidly  as  a  drying  closet 
would  work,  and  also  starting  with  a  wet  mould  which 
was  allowed  to  stand  out  in  the  room  over  night  before 
putting  into  the  drying  closet. 

The  results  on  fire  shrinkage  of  the  body  were  as 
follows: 


Nrw  Moulds. 


Old  Moulds. 


Dry 
Wet 


7.40% 

7.35% 


-  -^ 
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The  diflfei'eucos  were  less  than  the  possible  errors,  so 
no  light  is  thrown. 

The  results  on  percentage  of  water  absorbed  by  the 
bodv  were  as  follows. 


New  Moulds.  Old  Moulds. 


Dry 
Wet 


7.2% 
6.8% 


7.1% 
6.2% 


The  iliflferences  here  are  greater  than  the  probable 
errors,  and  show  that  ware  made  on  wet  moulds  is  v^itrilied 
to  a  noticeable  extent  bj^  the  sulphate  of  lime  dissolv(Hl 
from  them. 

Additional  Note  on  the  IJxpansion  and  Swelling  of 

PL.VSTEH. 

Orimsley*  s^iys:  **I  tried  to  determine  the  expansion 
in  setting  or  the  relation  of  the  dry  plaster  to  the  set  plas- 
ter, in  volume.  I  could  dcftect  no  expansion  by  direct 
measurement  and  by  filling  a  thin  glass  bottle  with  mixed 
])laster  and  permitting  it  to  set,  in  this  case  the  bottle  was 
not  broken  or  cracked.  I  could  not  run  in  a  colored  liquid 
around  the  plaster,  so  apparently  it  did  not  shrink." 

In  my  discussion  of  the  drip  test,  I  believe  it  is  made 
j>rain  that  it  is  well  nigh  impossible  to  blend  plaster  with- 
out including  therein  a  multitude  of  air  bubbles,  (^onse- 
(|uently,  if  expansion  of  the  plaster  occurred  in  Mr.  (irims- 
ley's  experiment,  these  bubbles  of  air  were  compressed  a 
corresponding  amount  and  the  bottle  was  not  cracked  or 
broken.    It  did  not  shrink. 

Tlu*  experience  of  mouldmakers  in  making  in  plaster 
cases  moulds  to  fit  exactly  the  iron  ring  of  a.  jigger  is  that 
unless  the  cases  are  reinforced  by  a  hoop  of  iron,  the  plaster 
will  swell  the  cases  so  that  the  moulds  made  in  them  are 
too  large  to  fit  the  jigger  rings. 

Tlie  writer  has  recently  had  some  experien(*e  with  a 
lot  of  i>laster,  [)art  of  which  swelled  after  taking  from  the 

*TIk'  Gypsum  of  Michigan,  p.  3. 
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cases.  This  plaster  was  complained  of  bj'  mouldmakers 
as  ''soft."  It  did  uot  heat  up  as  much  as  usual  for  them, 
and  was  said  to  be  slow  in  setting.  It  was  difttcnlt  to  get 
out  of  the  cases. 

This  brand  of  plaster  ordinarily  tested  by  the  heating 
test  showed  a  rise  of  IT'^C,  rarely  18°,  in  about  50  minutes. 
Occasional  barrels  had  fallen  as  low  as  12°  with  no  com- 
plaint other  than  of  soft  moulds.  A  barrel  marked  2-13-8 
teste<l  11.6°,  confirming  the  complaint  of  softness. 

Rut  when  the  first  lot  of  moulds  were  taken  to  the 
jiggerman,  it  was  found  that  they  had  swelled  up  after 
taking  out  of  the  casc^  so  as  to  stand  as  much  as  a  quarter 
of  an  inch  out  of  the  jigger  ring;  and  it  was  necessary  to 
take  them  back  to  the  mould  shop  for  turning  down  to  size. 

A  sample  of  each  date  was  then  teste<l  as  follows 
(Fig.  5): 


Barrel  marked. 

Total  rise. 

Time  iu  mhmte.><. 

2-10-8 

19.0^C. 

53 

2-11-8 

16.9°C. 

63 

2-12-8 

19.0°C. 

61 

2-13-8 

ll.fi'r. 

56 

2-U-8 

20.8  "C. 

53 

2-15-8 

18.5H'. 

62 

2-15-8 

8.8 =r. 

53 

Swelled 


Swelled 

Most  of  these  rises  ai*e  uncommonly  high,  and  tend  to 
show  that  the  makers  had  been  burning  the  plaster  higlier 
than  usual,  and  that  the  low  result  with  the  2-13-8  and 
2-15-8  barrels  were  more  likely  due  to  overburning  tlian  to 
underburning.     The  suggestion  was  made  by  Mr.  Meakin. 

This  was  confirmed  as  follows :  A  sample  of  each  date 
was  weighe<l,  in  a  cup,  put  through  a  burn  in  the  draw- 
through  of  a  glost  kiln,  and  reweighe<l.  The  percentage  of 
loss  was  the  meiisure  of  the  water  in  the  plaster. 

Theoretical  loss  6.2  per  cent. 

Barrel  marked  2-10-8,  G.8  ])er  cent. 

Barrel  marked  2-11-8,  7.0  i)er  cent. 

Barrel  marked  2-12-8,  0.4  i)er  cent. 

Barrel  marked  2-13-8,  none  on  han<l. 
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Barrel  marked  2-14-8,  7.0  per  cent. 

Barrel  marked  2-15-8,  G.4  per  cent. 

Another  barrel  marked  2-15-8,  4.H  per  cent,  overburned. 

The  mouldmakers  had  <'omplained  of  2-13-8  and  2-15-8 
barrels.    The  others  were  in  another  shipment. 

Referring  back  to  the  first  of  this  paper,  we  may  repeat 
that  when  plaster  has  been  heated  bevond  221  'C  in  mak- 
ing, it  will  rei*ombine  and  set  only  slowly.  And  we  may 
add  that  overburned  plaster  is  the  worst  that  can  be  given 
a  moitldmaker. 

DISCUSSION. 

Mr.  Mai/rr:  Mr.  President,  this  is  a  very  valuable 
paper.  Mr,  Ashley  has  given  us  here  a  lot  of  information 
which  1  suspect  is  new  to  us  all.  His  experience  on  this 
question  I  guess  is  a  little  deeper  than  that  of  some  of  u«.  ' 
It  is  always  a  difficult  thing  to  atten»pt  to  criticise  these 
papers  when  a  lot  of  material  is  included  which  is  new.  I 
have  not  had  much  experience  along  that  line.  The  infor- 
mation will  be  very  valuable  to  us  all,  but  I  do  not  know 

that  I  have  much  in  the  wav  of  criticism.     I  have  learned 

«. 

much  from  the  paper,  I  know  that,  and  I  think  many  others 
have  also.  Had  Mr.  Ashley  been  here  there  are  some  (jues- 
tions  I  might  have  asked,  but  I  do  not  think  I  could  dis- 
cuss it  at  all. 

The  Chair:  Since  Mr.  Ashley  is  absent  it  will  be  a 
difficult  matter  to  start  a  discussion  of  his  paper,  there 
being  no  one  to  answer  questions  whii-h  might  be  asked. 
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Arthur  Maykr,  Beaver  Falls,  Pa. 

Some  time  ago  I  hoped  to  be  able  to  present  at  this 
meeting  of  the  American  Ceramic  Society  a  paper  on 
"Physical  Properties  of  Glazes,"  but  as  the  time  of  this 
meeting  drew  near  it  found  my  work  on  that  subject  far 
from  complete. 

A  short  time  before  this  meeting  I  felt  badly  at  not 
being  able  to  do  anything  for  the  good  of  the  work  being 
done  here,  and  resolved  to  give  a  few  notes  on  the  new 
Texas  clay. 

The  object  of  these  tests  were  to  determine  the  value 
of  this  clav  for  use  in  either  china  or  earthen  ware,  and 
also  to  investigate  some  of  the  pe(!uliarities  of  this  clay. 
The  cost  is  not  taken  into  consideration,  as  I  have  not  heard 
a  price  quoted  on  it. 

The  location  of  the  mine  is  about  75  miles  west  of 
San  Antonio  in  Edwards  County,  Texas. 

Physical  Properties  before  Burning. 

The  sample  received  seemed,  on  examination,  free  from 
mineral  impurities  and  quite  free  from  moisture,  being  a 
snow  white  powder.  The  shipper  assured  me  that  this  was 
the  state  in  which  it  was  taken  from  the  mine  without  any 
treatment. 

The  division  of  the  grains  do  not  seem  at  all  fine,  as  a 
sample  was  eleutriated  and  found  to  have  a  surface  factor 
of  only  9,036,  which  is  quite  small  as  compared  to  most  En- 
j^lish  clays.  For  instance,  J.  M.  clay  has  a  surface  factor 
of  16,570,  V.  C.  S.  F.  14,898,  and  Pool's  No.  1  S.  F.  16,798. 
Considerable  grit  could  be  felt  in  grinding  some  on  the 
back  of  the  hand.    After  blunging  a  sample  for  an  hour  it 
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gave  8.2%  residue,  showing  that  it  ueeds  some  treatment 
before  it  is  fit  to  put  into  a  body. 

The  tensile  strength  of  this  clay  is  very  great,  being 
89  lbs.  to  the  square  inch.  Comparing  this  to  china  and 
ball  davs  a  vast  difference  can  be  seen.  The  tensile 
strengtli  on  some  well  known  china  clays  are:  No.  1,  15.3 
lbs.  to  the  square  inch,  V.  0.  clay  29.8,  Harris  North  Caro- 
lina, 28.1  lbs.  to  the  square  inch,  i^ome  ball  clays  luive 
tensile  strength  as  follows :  25.(5  to  square  iiu-h  feu*  Tenn. 
Ball  No.  7,  35.3  for  Whiteways,  39.5  lbs.  for  Edgar's 
Florida  clay. 

You  can  see  that  the  tensile  strength  in  moie  than  any 
two  of  these  other  well  known  clavs  combined. 

The  plasticity  is  very  great,  and  it  takes  51%  of  water 
to  make  it  into  a  workable  state;  if  this  water  content  is  a 
true  key  to  plasticity  you  can  judge  how  great  is  the  plas- 
ticitv.  When  trving  to  mould  this  clav  great  ditficultv  was 
experienced  an  account  of  it  l>eing  so  sticky,  much  more 
than  an  ordinary  ball  clay. 

The  contraction  from  the  mould  to  a  white  hard  piece 
of  ware  is  10^^.  This  is  large,  as  most  china  clays  shrink 
from  3VL>  to  4%. 

Properties  after  Burnwfj. 

The  trials  were  burnt  to  cone  10  bending,  or  1320^ C, 
and  at  this  temperature  there  was  practically  no  absorp- 
tion, although  ink  would  spot  it  so  it  could  not  be  washed 
off. 

The  contraction  due  to  fire  was  12%,  or  a  total  shrink- 
age of  229^.  This  is  exceedingly  large  for  a  china  clay,  as 
thev  usuallv  average  from  11  to  169^  and  ball  clav  from 
10  to  199r  f(u*  total  shrinkage. 

The  hardness  of  the  burnt  ware  is  greater  than  that 
of  t(K)l  steel,  as  when  it  is  scrat(»hed  with  it  it  leaves  a 
grey  line  of  ste(»l  on  its  surface. 

The  color  is  on(*  of  the  best  points  about  the  <*lay,  and 
I  have  not  been  able  to  find  anv  clav  which  will  begin  to 
compare  with  it  feu*  whiteness. 
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Chemical  Properties. 

With  tlie  exception  of  the  fact  that  it  is  rather  low  in 
iron,  it  much  more  resembles  a  ball  clav  than  a  china  clav. 
The  beautiful  white  color  must  be  due  to  two  reasons,  1st, 
the  low  content  of  iron,  2nd,  the  bleaching:  out  of  the  color 
by  the  high  lime  content-  This  high  content  of  lime  is  also 
probably  the  (*ause  of  the  great  shrinkage  hj  fire. 

Tlie  following  is  an  analysis  of  the  Texas  clay  and  a 
well  known  English  clay,  with  whicli  it  can  be  compared: 


Texas. 


i    Whiteway*s  Eng.  Ball. 


SiOs     

A1:.0,     

Fe.O,    

CaCOs    

MgCO,    ........ 

Loss  on   ignition 
Alkalies    


43  •  75 
37.62 

1.40 

15-^4 
■  96 

99.93 


44.9-2 
38.68 

.92 

.74 

10.62 
3.68 

99.56 


It  is  far  ahead  of  all  English  or  American  clays  now 
on  the  market,  in  color. 

A  trial  body  was  mixed  up  as  follows: 

Spar   700 

rah-.  Carb 8S 

Texas  Clay   1500 

Ball  day 240 

Flint    ..' UVi 


4000 

This  body  was  fired  to  cone  8,  <lown,  and  w(mld  l)e  a 
better  body  if  it  had  a  little  more  spar  and  fire.  This  piece 
of  ware  is  translucent  and  well  vitrified,  and  still  is  better 
in  color  than  anv  earthenware  made  in  this  country.     In 

t  a 

the  green  state  it  had  142.3  lbs.  tensile  strcTigth  to  the 
square  inch,  thus  insuring  small  loss  in  placing  the  ware, 
etc. 
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In  summing  up  all  that  has  been  said  regarding  this 
day  1  have  seen  no  china  clay  which  will  compare  with  it 
in  color,  vitrification,  strength  or  plasticity,  and  can  see 
no  reai^on  why  it  should  not  develop  into  the  foremost  of 
all  American  clavs. 

DISCUSSION. 

Mr.  Arthur  Mayer:  I  might  also  state  another  pecu- 
liarity of  this  clay  that  I  have  not  mentioned  in  the  paper. 
\Vhen  in  the  green  state  or  in  slip  it  ha^  almost  a  waxy 
translucent  appearance,  and  I  am  at  a  loss  to  account  for 
this  very  peculiar  phenomenon. 

Dr,  Zinuncr:  Jf  the  pai>er  refers  to  a  Texas  day, 
which  is  similar  to  those  about  which  1  read  a  paper  before 
the  Society  at  the  meeting  held  at  Old  Point  Comfort, 
Transactions,  Volume  111,  page  25.  About  nine  years  ago 
I  received  those  samples  of  Texas  Clays,  and  in  th(»  inves- 
tigation of  them  I  found  they  contained  hydra  ted  silicic 
acid.  Since  then,  of  course,  tlie  mines  have*  b(H'n  opened 
and  no  doubt  the  pi-oduct  is  more  uniform ;  but  at  that  time 
the  samples  showed  quite  a  variety.  Besides  the  mines 
were  too  far  from  a  I'ailroad  station  to  be  of  great  com- 
mercial value.  I  have  learned  since,  however,  that  the 
conditions  have  changed,  and  of  late  a  company  has  b(*en 
organized  with  the  object  to  develop  those  i^lay  mines  in 
Texas.  I  was  shown  some  very  thin,  and  at  the  same*  time 
perfectly  straight,  purely  ^^'hite  piec(3s  of  wan*  made  of  a 
l)ody  containing  a  high  percentage  of  Texas  Clay,  coming 
from  about  the  same  place  from  which  I  previously  received 
my  samples.  Furthermore,  I  was  told  that  at  least  one 
factory  has  made  satisfactory  trials  on  a  large  scale;  and 
this  is  the  reason  whv  I  believe  two  additicmal  analvses  of 
samples,  obtained  shortly  before  leaving  Germany,  which 
were  made  at  the  laboratory  of  the  Sprechsaal,  at  Colnirg, 
will  not  be  x^ithout  interest.  While  they  do  not  agree  with 
that  given  by  5Ir.  ilayer,  they  may  be  interesting  as  show- 
ing the  variety  of  those  clays  and  the  possibilities  of  them. 
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SAMPLE  IV,  Very  Hard, 

Moisture  and  loss  by  ignition. . .  .20.90% 

Si02    * 46.70% 

AI2O3 28.34% 

FegOa    0.86% 

CaO   0.12% 

MgO 1.65% 

K2O 1.64% 

100.21% 

Of  the  combined  moisture  and  loss  by  ignition  8.90%, 
HoO  was  expelled  by  drying  over  concentrated  sulphuric 
acid. 

SAMPLE  V,  A  Trifle  Softer  than  IV. 

Moisture  and  loss  by  ignition. . .  .19.78% 

SiOj    \ 47.10% 

AI2O3    29.68% 

Fe^O.,    0.7276 

CaO   1.04% 

MgO 1.16^/r 

K2O   0.97% 

100.45% 

7.80%  HgO  was  extracted  by  drying  over  concentrated 
sulphuric  acid. 

In  regard  to  the  physical  qualities,  I  can  confirm  what 
Mr.  Mayer  says;  and  I  believe  a  good  many  of  the  phe- 
nomena for  which  he  could  not  give  an  explanation  would 
be  explained  by  the  fact  that  such  clays  contain  amorphous 
silicic  acid.  We  can  obtain  somewhat  similar  effects  by 
adding  water  glass  to  kaolin. 

J/r.  Mayer:  I  would  like  to  ask  a  question  and  see  if 
any  one  can  answer  it,  regarding  the  difference  in  tensile 
strength  of  this  clay  when  made  up  into  a  body  and  when 
used  alone. 
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Mr.  Hottiiif/er:  I  would  say  thai  I  had  a  siuuple  of 
l)robal)ly  this  identical  clay.  1  got  mine  through  an  agent 
in  (Miicago.  I  found  the  great  difficulty  in  it  was  in  the 
drying.  You  cannot  dry  it  without  getting  a  lot  of  cracks. 
AVhile  apparently  the  surface  will  be  perfect,  the  interior 
will  be  full  of  fine  hair-line  cracks,  and  vou  don't  see  it 
until  vou  break  the  burnt  ware.  I  think  this  will  account 
for  the  difference  in  tensile  strengtii.  If  it  is  in  a  mixture 
with  non-plastic  ingredient  it  has  a  chance  to  dry  and  has 
remarkable  strength. 

J/r.  Mayer:  Only  in  the  pure  clay  did  I  have  any 
trouble  \x\t\\  cracking.  The  disks  passed  around  are  all 
badlv  cracked  vou  will  notice,  but  when  made  into  a  bodv 
there  seemed  to  be  no  cracking  at  all,  and  it  worked  very 

nicelv  indeed. 

«- 

Mr,  Fod",  I  never  ran  across  a  clay  that  worked  ex- 
a(*tlv  as  this  one.  The  nearest  I  came  to  it  was  a  clav  from 
down  near  Jerse\^ille,  111.  The  clay  was  quit^  different  in 
one  resi)ect  from  this.  It  has  a  very  high  tensile  strength. 
The  tensile  strength,  as  I  reiuember  it,  ran  something  over 
live  huiulred  pounds  to  the  s(juare  inch,  varying  from  500 
to  560.  The  clay  itself  seenunl,  howe^or,  rather  sluirt.  The 
content  of  non-plastic  material  was  rather  high.  The  clay 
would  dry  quite  quickly  and  safely,  and  so  from  all  its 
I)hysical  properties  it  ought  to  have  shown  a  low  instead 
of  a  high  tensile  strength.  At  the  time  the  tests  were  made, 
1  came  to  about  the  same  conclusion  as  Dr.  Zimmer  arrived 
at  in  this  case;  that  is,  that  there  must  have  been  present 
some  amorphous  silicic  acid.  This  clay,  as  alreafly  men- 
tioned, when  dry  gave  a  high  tensile  strength.  I  can  see 
how  mixing  feldspar  and  flint  with  the  clay  under  <liscus- 
sion  might  pro<luce  the  same  effect;  and  I  presume  Jlr. 
Ilottinger  is  right  when  he  says  tlie  trouble  with  the  clay 
in  the  raw  condition  is  the  difficulty  of  drying,  probably 
due  to  the  fine  cracks  mentioneil.  The  introduction  of  non- 
]>lastic  material  simply  opened  it  up  and  gave  it  oppor- 
tunitv  for  drving  without  crackint». 


THE  USE  OF  CORNWALL  STONE  VERSUS  FELDSPAR 

AS  A  FLUX  FOR  PORCELAIN. 

A  NOTE 
isy 

A.  S.  Watts,  VMttor,  X.  Y. 

So  much  lias  been  said  and  written  regarding  tlie 
^•alue  of  Cornwall  stone  as  a  flux  that  I  detemiincnl  to  make 
a  few  tests  to  ascertain  what  value  it  might  really  ha^e  as 
a  porcelain  ingredient. 

1  first  obtained  a  quantity  of  CornAvall  stone  on  which 
an  analysis  was  obtainable.  It  proved  very  fine  graine^l 
and  clean  and  had  a  formula 

.676  KNaO    / 

.293  CaO  1. 167  AI2O3    8.93  SiO. 

.030  MgO       ? 

Combining  weight — 732.7 

The  abjec*tion  heretofore  offered  was  that  the  raw  clay 
content  varied,  as  did  also  the  free  flint,  when  a  dupli(*ate 
body  was  made  with  Cornwall  stone  and  with  feldspar  and 
a  comparison  was  attempted.  To  overcome  this  objection 
I  determined  to  make  up  and  fritt  a  mixture  duplicate  in 
composition  to  the  Cornwall  stone  used.  In  producing  this 
I  used  a  feldspar  having  a  formula : 

.772  KO 

:^CaO        h  08^.03    6.44  SiO= 
•  Oil  MgO 
Combining  weight — 617 

The  substitute  for  Cornwall  stone  had  the  foUowing 
per  cent  composition : 

97 
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Feldspar    noted    above 58-37% 

English  China  Clay  12.42 

Rock  Flint    26.67 

Fluorspar 2 .43 

MgO   (calcined )    11 

100.00 


The  fluorspar  was  substituted  for  whitliii;  in  order 
that  any  additional  fluxing  value  possessed  by  this  form 
of  calcium  over  the  other  forms,  might  be  taken  advantage 
of  in  this  experiment.  The  substitute  was  mixed  inti- 
mately in  the  dry  state  and  placed  in  a  sagger  and  fired  at 
cone  10.  The  fritt  produced  was  a  very  peculiar  glassy 
slag  of  a  light  cream  color  and  full  of  bubbles,  which  indi- 
catcHl  that  a  violent  boiling  action  had  occurred.  .  This  slag 
was  broken  up  and  ground  and  passed  through  a  120  mesh 
screen.  A  body  was  chosen  for  this  experiment  having  the 
following  formula: 

:'c^C&     jioAUO,    4.5SiO= 

This  body  is  the  same  as  is  used  in  my  other  paper* 
and  is  the  same  as  No.  3  in  K,  L,  M  and  N  Series.  By  this 
means  we  have  already  for  comparison  this  body  made  \v\t\\ 
feldspar  and  whiting,  with  feldspar  and  pulverized  marble, 
with  feldspar  and  plaster  of  Paris,  and  with  feldspar  and 
fluorspar.  We  will  now  proceed  to  make  it  up  with  Corn- 
wall stone  and  artificial  Cornwall  stone  as  follows: 


«<  OV 


F"  Body. 

43.69%  Cornwall  Stone,  Genuine 

.10  Whiting 

34.00  English  China  Clay 

8.00  English   Ball  Clay 

14.17  Rock  Flint 


Q9.96 


"The  Action  of  the  DiflFerent  Forms  of  Calcium  as  a  Flux  in  Porcelain 
Manufacture,"  this  volume. 
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43. 

14- 

69% 

10 

00 

00 

17 

V"  Body. 

Fritt    (artificial   Cornwall 

Whiting 

English  China  Clay 

English  Ball  Clay 

Rock  Fliit 

Stone.) 

(,9.96 

These  luxlies  were  carefully  ground  and  made  up  into 
test  pieces  and  fired  under  normal  arid  reducing  conditions. 

Results  of  Xormal  Burn, 

The  two  ])()dies  are  practically  equal  so  far  as  vitrifica- 
tion is  concerneil. 

Regarding  color  the  Cornwall  stone  body  ("P'')  leans 
slightly  to  a  brownish  cream,  while  the  fritt  body  (**<i'') 
has  a  slight  tenden<*y  toward  the  blue.  When  compared 
with  K-3,  L-3,  M-3  and  N-3,  which  have  the  same  fonnuhe 
and  which  have  been  burned  under  exactly  the  same  con- 
ditions, I  find  tliat  neither  the  'T"  Jior  the  *^(i"  Body  shows 
as  much  color  as  these  bodies  under  noi'mal  burn.  The 
thought  could  i^erhaps  be  better  expressed  by  staying  that 
both  the  *'P'-  and  the  ''Q'^  bodies  show  more  tendency  to- 
ward blue  under  a  normal  fire  than  do  the  raw  bodi(^.  Of 
the  two  when  placed  side  by  side  the  "(i''  bmly  shows  de- 
<idedly^the  best  color,  in  my  judgment. 

Results  of  Reducing  Burn. 

I  now  proceeded  to  fire  a  series  of  these  test  pieces 
under  reducing  fire  and  the  results  are  as  follows: 

Regarding  vitrification  we  have  here  an  interesting 
study.  The  Cornwall  stone  body  *'P"  shows  a  creamy 
translucency  common  to  all  American  chinas,  while  the 
fritt  ImkIv  has  tliat  jjeculiar  blue-white  translucency  noted 
in  the  highest  types  of  French  chinas.  This  is  not  due  to 
over-vitrification,  as  neither  bodv  shows  anv  evidence  of 
being  over-mature<l  and  neither  body  has  warj^ed  or  sagged 
in  the  firing. 
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Regarding  color  I  should  say  that  the  fritt  body  has 
decidedly  the  preference  since  its  color  is  clear,  while  the 
Cornwall  stone  bodj'  shows  a  slight  but  unmistakable  lean- 
ing toward  the  brown.  This  is  noted,  however,  that  under 
reducing  conditions  neither  of  these  bodies  shows  the  blue 
tendency  displa^'ed  by  the  raw  bodies  K-3,  L-3,  M-3  and  N-3. 

Regarding  Cornwall  stone  as  a  substitute  for  spar,  I 
can  only  say  that  it  shows  a  leaning  to  a  brown  tint,  similar 
to  that  produced  by  an  excess  of  ball  clay,  and  for  this 
reason  I  presume  would  meet  with  discouragement.  How- 
ever, it  must  be  said  for  Cornwall  stone  that  it  does  not 
show  the  amount  of  variation  in  color  that  the  feldspar- 
lime  raw  bodies  display.  However,  it  shows  an  inferior 
color  under  both  normal  and  reducing  burn  to  that  ob- 
tained by  the  spar-fritt  body  designated  as  *'Q."  The  most 
fruitful  result  of  these  experiments  is,  to  my  mind,  the 
possible  field  of  promise  indicated  by  the  developments  in 
a  spar-fritt  flux  for  porcelain,  as  here  we  find  the  best 
color  in  every  case,  and  a  degree  of  translucen(*y  that  I 
have  never  seen  in  American  china  except  AN'here  overfire<l. 

DISCUSSIOX. 

Mr,  Stover:  I  am  very  glad  this  paper  has  been  read, 
for  it  simply  carries  out  a  thought  I  had  and  have  not  had 
a  chance  to  work  out,  the  question  of  using  Cornwall  stone 
as  nature's  own  fritt;  and  Mr.  Watts  has  apparently  suc- 
ceeded in  getting  a  better  color  hy  making  an  artificial  fritt. 
I  have  seen  some  experiinents  along  this  line  come 
stmighter  than  when  the  raw  material  was  put  in. 

Mr.  Mayer:  Last  year  T  visited  the  south  of  England, 
down  in  Cornwall,  in  an  investigation  of  clays  and  Cornish 
stones,  and  I  brought  back  samples  of  the  best  Cornish 
stone  I  could  get  hold  of.  I  think  I  can  verify  what  Mr. 
Watts  has  stated,  that  we  can  never  get  the  color  out  of 
the  best  Cornwall  stone  that  we  can  get  out  of  the  best 
feldspars.  That  may  seem  strange  to  some.  We  know  the 
beautiful  color  of  English  bone  china,  and  they  are  de- 


•  •    •  • 
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peudeut  on  ("oriiwall  stone,  some  rather  inferior  qualities, 
too.  But  they  have  a  condition  there  we  do  not  have  here; 
they  have  the  bone,  phosphate  of  lime,  and  the  action  of  the 
lime  bleiiches  the  iron  in  the  body.  This  is  the  only  way  I 
can  account  for  it.  There  is  one  thing  about  Oornwall 
stone  which  is  not  generally  appreciated,  and  that  is  it  is 
one  of  the  most  variable  things  we  can  get  hold  of.  English 
manufacturers  appreciate  that,  and  you  must  be  very  care- 
ful what  (Cornwall  stone  you  are  talking  about.  You  may 
get  some  of  the  best  and  whitest  stone  to  be  had,  and  it  is 
out  of  the  question  in  comparison  with  the  best  feldspar  in 
color.  As  far  as  vitrification  is  concerned,  in  trials  of 
bodies  using  Cornwall  stone  for  feldsjjar,  I  have  had  good 
fusion  in  feldspar  and  well  marked  absorption  with  Corn- 
wall stone  where  the  trials  have  been  fired  together  in  the 
biscuit  kiln.  English  manufacturers  following  American 
methods  have  to  get  their  fluxes  from  Sweden,  in  their 
effort  to  meet  (competition  with  American  vitreous  ware. 
Much  of  it  that  is  exported  as  "vitreous''  is  not  anything 
more  than  our  ordinarv  well  fired  earthenware. 

Mr.  Weelans:  I  confess  to  not  having  had  much  ex- 
perience in  using  stone  in  bodies.  I  did  try  it  once  and 
had  such  experieni^e  that  I  did  not  go  further  in  the  way 
of  investigation ;  in  other  word-s,  I  had  a  blistering  effect. 
I  was  just  trying  to  use  Cornwall  stone  in  bodies  in  an 
experimental  way  as  a  substitute  for  spar,  and  noticing 
this  blistering  effect,  I  dropped  it  immediately.  So,  what 
1  would  have  to  say  about  the  use  of  stone  would  not  l)e 
very  mui*h. 

.]fr.  Lafigenhccl':  Mr.  President  and  gentlemen.  Of 
course  Mr.  Watts  has  given  analyses  of  his  Cornwall  stone, 
but  I  think  it  would  be  desirable  also,  particularly  in  view 
of  its  very  variable  form  as  biH)uglit  out  by  Mr.  Mayer,  that 
he  should  have  mentioned  something  about  the  quality,  for 
the  benefit  of  those  who  would  like  to  duplicate  his  experi- 
ments and  make  further  a])plication  of  them.  Now,  it  is  a 
curious  fact,  but  nevertheless  it  is  a  fact,  that  potters  work 
their  heads  a  great  deal  about  the  raw  materials,  yet  they 
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practically  never  go  to  tlie  mills  where  the  raw  materials 
are  ground  or  to  the  mines  where  they  an*  gotten  out. 
There  is  a  great  deal  that  happens  in  the  first  stages  of 
preparing  the  raw  material  for  the  nuirket  that  the  potter 
ought  to  know.  It  would  save  trouble  if  he  would  see  what 
is  being  done  at  the  instituti<ms  preparing  the  materials 
which  go  into  his  wai*e.  If  any  of  you  will  go  to  the  yards 
of  Oolding  &  Sons  in  Trenton,  you  will  find  a  so-called 
"dark  purple"  Cornwall  «rtone  and  "light  buff."  The  purple 
is  a  hard  crystalline  rock.  It  has  a  purplish  cast  on  ac- 
count of  large  crystals  of  feldsi>athic  material,  and  the 
light  buff  has  been  very  considerably  weathered.  1  should 
take  it  that  the  water  has  infiltrated  through  it  in  fine 
fissures  and  kaolinized  the  surface;  and  analyses  show 
difference  in  the  alkalies  and  possibly  other  ingredients. 

A  thing  not  to  be  left  out  of  consideration  is  the  fact 
that  Cornish  stone  always  contains  fluorine;  and  perhaps 
Mr.  Watts'  idea  of  using  calcium  fluoride  as  a  flux  in  this 
particular  case  waf^  done  because  of  that  fact.  But  still 
that  would  probably  introduce  more  flucu'ine  and  what  the 
fluorine  in  the  native  stone  and  larger  amounts  does  in 
firing,  we  do  not  know.  Perhaps  the  blistering  which  Mr. 
Weelans  spoke  of  might  have  l)een  a  case  in  which  there 
was,  through  favorable  conditions  in  the  fire,  disengage- 
nuMit  of  that  gas  on  reaching  a  certain  temperature. 

I  nmv  mention  one  oth<T  fact  in  connection  with  Corn- 
wall  stone  that  mav  be  intei'estina:  to  some,  as  it  was  of 
quite  a  little  commercial  interest  to  me,  at  one  time.  That 
is,  a  vitreous  bodv  made  with  (.'ornwall  stone  does  not 
shrink  as  much  as  a  vitreous  body  made  with  feldspar. 
There  might  be  nearlv  as  mu(*h  shrinkajre  and  not  be  notice- 
able  in  the  ordinary  dish  ware;  but  my  use  was  in  the  mak- 
ing of  tile,  with  a  fireclay  lujdy  and  vitreous  surface.    If  we 

made  a  vitreous  bodv  of  Cornwall  stone  bv  its(»if  its  shrink- 

«  • 

age  would  not  be  as  gi-eat  as  one  of  felds])ar,  nor  as  sumll 
as  the  fireclay, — lying  between  the  two.  Yet  if  the  surface 
of  vitreous  nmterial  of  C<u'nwall  stone  is  si>read  upon  the 
rouij:h  fireclav,  the  moisture  and  the  <lrvinu  conditions  care- 
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fully  followed,  you  can  get  a  straight  tile  with  such  a 
vitreous  surface,  while  one  of  feldspar  tile,  dish.  1  hoix? 
this  experience  which  does  not  directly  bear  upon  the 
points  here  discussed,  may  be  of  benefit  and  interest  to 
some  of  vou. 

One  thing  I  will  ask  Mr.  Watts,  also  Dr.  Zinimer :  why 
is  it  that  American  porcelain  is  yellowish  in  tone  and  the 
European  porcelain  is  bluish? 

Mr,  Watts:  I  do  not  believe  I  would  dare  to  offer  an 
opinion  on  that,  Mr.  Langenbeck.  I  know  it  to  be  a  fact, 
so  far  as  my  observation  goes.  It  struck  me  as  a  peculiar 
fact  that  this  artificial  Cornwall  stone,  after  being  melte<l 
had  a  very  different  color  and  very  different  appearance 
from  fritts  1  have  made,  hard  fired  fritts,  without  any 
fluorspar  in  them.  The  reason  I  used  this  fluorspar  was 
just  as  you  suggested.  In  a  numl)er  of  tests  1  made  with 
different  Cornwall  stones,  and  in  which  I  will  say  I  found 
out  just  what  Mr.  Mayer  said,  i.  e.  that  I  (OiUd  not  get 
any  two  samples  that  would  run  anything  near  alike;  and 
in  every  sample  I  found  some  trace  of  fluorine  on  testing, 
or  at  least  some  indication  that  there  might  be  fluorine.  So 
I  used  this  calcium  fluoride  in  this  fritt  for  that  reason. 
But  after  the  artificial  fritt  was  made  up,  I  could  not  get 
any  fluorine  test  of  any  kind  from  the  artificial  fritt.  And, 
in  fact,  I  am  not  surprised  at  that,  because  after  it  was 
melted,  and  Imiling  as  it  did,  the  fluorine  was  undoubtedly 
evolved.  But  this  Cornwall  stone,  which  I  always  under- 
stood the  English  used  in  their  bodies,  does  not  produce  a 
white  color.  It  is  a  decided  yellow  t^)lor,  and  I  supixised 
it  was  the  fluorine  in  the  material  that  possibly  produccMl 
it.  In  this  case  this  fritt  gives  that  color  (indicating)  and 
the  Cornwall  stone  body  of  the  same  composition  does  not. 
So  I  am  at  a  loss  to  know  what  it  is.  I  was  talking  with 
Mr.  Mayer  as  to  the  piH>position  of  melting  the  feldspar, 
trying  the  refired  spar  alone,  and  I  think  I  shall  make  sonn* 
trials  along  that  line  to  sec*  what  will  be  the  results  without 
adding  any  otiier  material,  using  the  refired  s]>ar  against 
the  raw  spar. 


104  CORNWALL    STONE   VS.    FELDSPAR    AS    A    FLUX    FOR    PORCELAIN. 

Dr.  Zimmer:  I  would  like  to  ask  Mr.  Langenbeck 
what  he  means  by  Amerkan  porcelain?  Does  he  refer  to 
the  common  china  found  on  the  American  market,  which 
actually  is  semi-porcelain,  or  does  he  mean  bone  chitia? 

Mr.  Langenheck :  The  question  is  well  taken.  What 
I  had  refei'ence  to  was,  of  course,  the  translucent  vitreous 
body  made  here,  with  lead  glaze,  in  comparison  with  the 
continental  true  porcelain. 

Dr.  Zinimcr:  In  answer  to  that  question,  I  would 
give  two  reasons  why  our  American  porcelain  has  to  have 
the  vellowish  cast.  The  first  reason  whv  we  have  never 
been  able  to  obtain  such  good  color,  is  the  use  of  plastic 
ball  clays  in  the  bodies,  even  if  there  is  only  a  small  per- 
centage of  it.  The  second  reason  is,  that  if  you  have  a 
glaze  containing  lead,  j'ou  fire  with  a  neutral,  if  not  an 
oxidizing  flame  and  even  if  you  have  a  biscuit  with  a  gray- 
ish blue  color,  which  is  not  too  hard,  you  may  obtain  a 
glazed  bodv  with  tlie  vellowish  tint,  on  account  of  the  lead 
glaze  and  the  conditions  which  must  prevail  in  the  kiln. 

Xo  manufacturer  of  the  true  hard-fireil,  transluceur 
feldspar-j>orceIain  on  tlie  continent  tliinks  of  applying 
stone  in  his  porcelain  body.  There  are  certain  deposits 
similar  to  CornAvall  stone  to  be  found  even  in  Gennanv; 
but  I  made  experiments  and  came  to  the  same  conclusion 
Mr.  Watts  did.  However,  if  I  want  to  get  a  strong  body, 
i.  e.,  for  instance  a  body  as  required  for  sanitary  wai'e,  then 
I  AN'ouhl  give  preference  to  the  stone;  but  we  must  be  care- 
ful and  watch  the  composition  of  the  stone  itself. 

Mr.  Laitf/cnbccl':  Mr.  President,  will  you  pardon  a 
rejoindej'?  I  suspect  the  difference  between  the  two  con- 
ditions, the  two  p(n'celains,  is  as  Dr.  Zimmer  has  indi- 
cated; but  I  want  to  make  it  stronger.  I  knrav  nothing 
about  the  making  of  hard  porcelain  except  as  I  have  picked 
it  up,  but  I  understand  that  in  the  making  of  true,  hard 
porcelain  with  a  feldspar  glaze,  they  virtually  finish  witli  a 
reducing  atmosphere  at  the  close  of  th(»  fire.    Is  that  so? 

Dr.  Zimmer:    Yes,  sir. 

Mr.  Laiujnihrck'.     Therefore  you  have  always  a  fi*r- 
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reus  silicate  impartinji:  little  calor,  while  in  the  American 
body,  even  if  before  glazing  it  may  have  been  burned  in  a 
neutral  or  reducing  flame,  you  are  bound  to  have  strongly 
coloring  ferric  oxide  at  the  end. 

I)r,  Zitnmer:  In  firing  porcelain,  there  are  certain 
periods  when  the  kiln  is  filled  with  a  dense  suioke  and  fine 
particles  of  carbon  are  deposited  in  the  still  porous  body, 
then  you  have  to  give  a  little  air;  other\vise,  you  get  the 
bluifih  or  rather  grayish  tint  in  the  porcelain.  If  you  would 
fire  with  smoke  all  along  you  would  not  get  a  good  color 
ei  ther. 

Mr,  BiiMis:  Before  I  speak  of  Cornwall  stone,  I  will 
ask  a  <iuestion  of  Mr.  \Vatt<.  I  did  not  get  it  quite  clear  in 
my  mind  what  his  purpose  was  in  making  that  artificial 
stone.    What  was  the  object  in  view? 

J/r.  Watts :  I  do  not  know,  Profes.sor  Binns,  but  what 
this  is  going  to  result  in  an  iirgument.  I  believe  you  your- 
self brought  up  the  subject  a  year  ago,  or  possibly  two 
years  ago,  in  a  discussion  with  me,  criticising  the  fact  that 
you  could  not  compare  my  results  because  you  said  I  had 
in  one  erase  a  lot  of  free,  raw  material,  and  on  account  of 
the  increased  alkalies  being  admitted  by  the  spar.  Do  you 
recollet^t  it?  I  determined  this  time  mv  investigation 
should  not  be  thus  subject  to  Professor  Binns'  criticism 
that  he  was  not  able  to  compare  on  account  of  the  raw 
nuiterials.  So  in  this  instance,  the  amount  of  raw  clay  is 
identically  the  same,  the  free  flint  is  identically  the  siime, 
and  the  Cornwall  stone  is  actually  replaced  by  American 
materials  fritted  together  so  they  have  lost  their  plastic  or 
independent  qualities,  so  far  as  po.ssible. 

Mr.  Binvs:  The  reply  is  quite  satisfac^tory.  Mr. 
Watts  has  shown  why  he  took  the  step  and  it  is  entirely 
reasonable.  He  speaks  of  a  tf  st  for  fluorine;  what  was  this 
test? 

Mr.  Watts:     Simply  a  (piantitative  test. 

Mr.  Binns:  You  tested  the  Cornwall  stone  in  the 
raw  state? 

Mr.  Watts:     Y(»s,  sir. 
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Mr,  Binns:     Did  you  after  calcming? 

Mr.   Watts:     No,  I  did  not. 

Mr.  Binns :  You  tested  tlie  fritt  after  it  was  burneil 
but  did  not  get  any  reaction  for  fluorine? 

Mr.  M'atts:    Yes,  sir. 

Mr.  Bin  us :  With  regard  to  Mr.  Langenbeek's  sugges- 
tion that  there  was  a  certain  projvortion  of  fluorspar  in 
Cornwall  stone,  I  think  it  is  undoubted,  and  1  think  pos- 
sibly some  of  that  purplish  color  was  due  to  the  presence 
of  tluorite.  I  have  seen  analN>ies  as  high  as  1.6%  of  lluor- 
s])ar,  so  the  influence  there  would  be  quite  marked.  In  re- 
gard to  the  (composition  of  the  stone,  I  have  had  analyses 
in  which  the  alkaline  content  range<l  from  thr(H^  to  seven 
per  cent.  The  formula  of  Mr.  Watts  would  be  called  a 
fusible  stone. 

The  spar  used  seemed  a  renmrkably  pure  specimen. 
I  had  an  interesting  experience  in  the  use  of  Cornwall  stone 
in  an  endeavor  to  produce  vitreous  ware.  It  was  made 
from  Cornwall  stone  and  the  method  of  placing  it  in  the 
glost  in  order  to  economize  room,  was  to  place  the  pieces 
on  edge  on  protected  bars,  thus  leaving  two  rough  places  on 
the  edge  which  were  polished  afterwards.  Jt  wivs  a  most 
expensive  operation,  but  there*  was  no  other  way  to  get  what 
we  wanted.  It  happened  if  the  plates  got  the  least  bit  of  a 
pinch  of  fire  on  the  edge,  a  vesicular  structure  was  pro- 
duced, and  that  meant  bubbles  wliich  prevented  this  pol- 
ishing. The  polishing  would  break  tlie  pimples  and  thus 
ijrive  a  honevcomb  surface  on  the  edi»e.  So  we  Jiad  to  be 
extremely  careful  as  to  the  ]>oint  of  maturity  of  this  CiU'n- 
wall  stone  body.  I  attribute  that  phenomenon  now  to  the 
<\scape  of  fluorine.  We  constructed  another  Inxly,  using 
feldspar  instead  of  Cornwall  stone,  and  we  got  several 
cnirious  phenomena.  The  wan*  ceased  to  blister,  which  was 
a  good  i)oint.  In  the  second  i)lace,  the  feldspar  body  was 
(juite  a  good  deal  snuiller,  as  Mr.  Langenbeck  has  already 
pointcMl  out.  In  the  third  place,  it  was  a  good  deal  weaker 
as  regards  the  structure  after  burning.  The  plates  would 
not  stand   the  shock  afterwards  that  the  Cornwall  stone 
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body  would.  It  wa«  a  matter  of  pride  with  us  that  our 
ware  would  snuish  anything  on  the  market,  as  every  manu- 
facturer claims  for  his  ware — and  it  does,  until  it  is  tried 
by  the  other  fellow.  The  Cornwall  stcme  plate  would  be^it 
the  feldspar  plate  every  time.  Foui-th,  the  feldspar  plates 
buckled  in  the  glost  kiln  very  frequently.  The  edge  upon 
which  the  plate  stood  would  be  bent.  Those  were  some  of 
the  features  we  found  in  substituting  feldspar  for  C(U*nwall 
stone.  We  had  blistering  with  (\)rnwall  stone,  and  cm  the 
other  hand  with  feldspar  we  had  a  weaker  body  and  greater 
shrinkage.  One  more  point  developed  which  finally  made 
us  conclude  to  keep  up  the  feldspar  body.  The  feldsi)ar 
body  was  less  liable  to  spit  out  in  the  decorating  kiln  than 
the  Cornwall  stone  body,  a  very  important  point  when  you 
come  to  underglaze  printing  with  gold  edge. 

This  discussion  has  taken  the  line  of  the  difference 
between  American  china  and  continental  or  European  por- 
celain. I  want  to  differ  with  Dr.  Zimmer  on  one  point.  It 
is  a  dangerous  thing  to  do,  I  know,  but  I  am  going  to  do  it 
nevertheless.  He  said,  or  at  least  I  so  understood  him,  that 
even  if  the  American  biscuit  were  fired  in  a  reducing  fire 
to  produce  the  blue  tint,  when  the  lead  glaze  is  put  on  anil 
fired  in  an  oxidizing  glost  fire,  the  blue  color  will  be  lost. 

Dr.  Zimmer  \     I  said,  might  be  lost. 

Mr,  Hintis:  1  am  glad  to  have  that  explanaticm,  as  it 
is  not  so.  It  never  g(K*s  yellow  again.  There  is  a  maxim, 
I  think  in  the  burning  of  porcelain,  that  the  first  fire  must 
not  he  higher  than  (one  06,  because  if  it  goes  higher  and  the 
color  is  fixed  in  an  oxidizing  fire,  it  cannot  be  reduced.  T 
think  that  is  a  fact.  The  blue-white  (^olor  is  undoubtedlv 
due  to  the  reduction  of  the  iron  oxide,  as  has  already  beeii 
pointed  out. 

Mr,  M'(iiti<:  Pardon  my  speaking  again  since  this 
point  has  l>een  brought  out.  I  did  not  have  the  courage  to 
contradict  Dr.  Zimmer,  but  as  Professor  Binns  has  done 
so,  I  will  back  him  up,  as  the  saying  goes.  I  have  in  my 
l)Ocket  two  pieces  of  porcelain.  One  1  fired  myself  under 
reducing  c<mditi(ms,  or  slightly  reluiing  conditions,  and 
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that  was  sent  to  one  of  our  brothers  aud  glazed  by  him  and 
tinished  in  his  kiln.  He  made  a  second  body  of  practicaUy 
the  same  materials,  and  he  came  back  to  me  and  said  he 
could  not  get  anything  like  the  color  I  got  with  the  ma- 
terials. It  showed  nicelv  the  fact  stated,  as  he  finished  his 
kiln  in  a  reasonably  oxidizing  atmo^^phere,  I  assume,  while 
1  finished  in  a  reducing  atmosphere.  The  two  glazes  were 
identically  the  same,  and  the  glost  kiln  process  identically 
the  same  in  each  case;  and  you  can  see  by  comparison  of 
these  (indicating)  that  the  color  of  the  biscuit  kiln  has  not 
been  lost.  It  seemed  very  peculiar  to  me  when  I  received 
this  trial  from  him  that  the  color  should  be  so  pronounceilly 
vellow,  whereas  I  never  had  anv  tix)uble  with  vellow  color 
after  it  was  finished  in  the  biscuit  kiln  with  reducing  fire. 

Dr.  Zimmer:  The  whole  trouble  is  over  that  little 
word  "might."  lender  certain  conditions  yon  get  a  per- 
fectly dense  body ;  then  you  have  a  body  so  close  that  your 
oxidizing  flame  can't  Imve  anv  more  influence  on  the  bodA'. 
If  the  bihcuit  is  not  fired  up  to  such  a  density,  the  condition 
of  the  kiln  will  have  an  influence  and  the  ferrous  oxide  vou 
have  might  be  oxidized  again.  Besides,  the  color  of  the 
lead  glaze  is  alwaA'^  a  little  bit  vellowish.  If  vou  have  a 
hard,  close  b(Kly,  you  can't  expect  the  flame  to  have  much 
influence.    I  forgot  to  mention  the  special  conditions. 

Mr.  Bhnts :  Dr.  Zimmer  said,  as  a  result  of  raluction 
ferrous  oxide  wa«  formed.  That  is  not  true.  AVIiat  is 
formed  is  ferrous  silicate. 

Mr.  Purdy :  I  would  like  to  ask  Mr.  Binus  a  question : 
How  do  you  know  it  is  ferrous  silicate? 

Mr,  Binns:  (After  considerable  hesitiition)  I  dou't 
know.  (Laughter.)  I  can  only  say  the  evidence  points 
that  way.      (Renewed  laughter.) 

Mr,  Langcnbcck:  Except  the  evidence  of  variation  in 
color  afterAvards. 

Mr.  Purdy,  Take  two  clays  which  have  the  same  iron 
content,  one  non-plastic  kaolin  and  the  other  plastic  ball 
clay.  When  fluxed  with  the  same  amount  of  feldspar  a 
verv  considerable  difference  in  color  will  be  obtained.    The 
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feldspar-kaolin  combination  invariably  burns  to  a  very 
peculiar  white,  known  as  Parian  white,  while  the  feldspar 
ball  clay  gives  the  ordinary  porcelain  or  blue  color,  not- 
withstanding the  fact  that  the  two  clays  may  have  same 
iron  content.  A  fire  clav  havin«:  the  same  iron  content  as 
our  given  white  clavs  will  have  a  verv  decided  buff  color 
when  burned  in  oxidizing  fire  and  will  blue  stone  by  mere 
increase  in  heat  treatment  with  either  oxidizing  or  reducing 
conditions.  The  color  in  each  case  is  very  different.  Now, 
\fi  the  absolute  whiteness  in  the  first,  yellowish  or  blue  in 
the  second,  and  decided  buflf  or  bluestone  in  the  third  case, 
due  to  state  of  oxidation  of  the  iron  or,  as  S^er  told  us,  to 
the  increased  density  of  the  iron  oxide  without  change  in 
state  of  oxidation? 

Professor  Binns  spoke  of  the  spar  body  blistering 
where  the  stone  body  did  not — 

Mr.  Bivns:     No;  it  was  the  other  way  round. 

Mr.  Purdy:  I  was  going  to  say  tliat  was  at  variance 
with  Mr.  Weelans'  observation.  But  I  would  like  to  have 
Jlr.  Binns  straigliten  us  out  on  the  iron. 

Mr,  Watts:  Pardon  me  for  speaking  again,  but  I 
want  to  maintain  the  statement  I  nuule  concerning  blue- 
stoning  in  the  biscuit  kiln.  I  would  like  to  have  simie  prac- 
tical porcelain  man,  some  one  who  has  had  some  experience 
in  vitreous  American  china,  to  contradict  me  if  he  has  ever 
seen  an  instance  which  would  justify  him  in  conti'adicting 
me,  where  he  got  thorough  bluestoning  in  the  biscuit  kiln 
and  cleared  it  up  in  the  glost.  In  the  first  place,  you  all 
know  the  biscuit  goes  three  or  four  cones  higher  than  the 
glost;  and  I  do  not  believe  you  can  vitrify  and  reduce  a  clay 
at  cone  ten  and  re-oxidize  it  at  cone  six.  I  have  never 
succeedefl  in  doing  so;  and  the  fact  has  come  out  in  several 
discussions  lately  that  you  can  obtain  a  degree  of  vitrifica- 
tion at  considerably  lower  temperature  under  reducing 
conditions  than  under  oxidizing  conditions.  So  this  cone 
ten  under  reducing  conditions  we  might  say  is  undoubtedly 
equivalent  to  at  least  cone  twelve  under  oxidizing  condi- 
tions, so  far  as  \itrification  or  density  is  concerned.    So  we 


no  CORNWALL    STOXE    VS.    FELDSPAR    AS    A    H.UX    FOR    PORCELAIN. 

have  at  least  live,  and  probably  seven  corjos  iliflference,  if 
we  are  i^oing  to  reoxidize  a  reduced  piece  of  ware  in  the 
glost  kiln.    I  do  not  believe  it  can  l)e  done. 

Mr,  Hi  tins:  You  ^^ill  stop  us,  Mr.  Pre>»ideut,  When 
you  j»:et  ready.  This  disinission,  like  the  snowball,  gathers 
a«  it  goei*.  I  will  take  the  first  point  first — Mr.  Watts' 
statement  as  to  the  additional  effect  of  a  re.lucing  fire. 

The  point  made  by  Mr.  Langenbeck  as  to  the  ditferent 
colors  is  cosily  ac*counted  for  by  the  fact  that  in  burning 
the  biscuit  we  do  not  expose  the  pieces  to  the  full  ax^tion 
of  the  fire  as  a  general  rule.  The  surface  of  the  plates  is 
m<u*e  or  less  protected,  and  for  this  reason  the?  ciiemical 
acticm  of  tiie  kiln  has  a  less  chance  to  get  to  the  body  than 
in  the  case  of  continental  glazed  ware,  which  is  entirely 
exposed  and  left  to  the  free  action  of  the  kiln  gases.  The 
plates  vary  very  much  in  color  if  re<luction  l>e  attempted, 
and  the  potter  would  rather  have  all  yellow  than  part 
yellow  and  part  blue. 

Professor  Purdy  challenged  me  to  prove  th(»  existence 
of  ferrous  silicate.  Of  course  I  am  not  able  to  do  it,  anv 
more  than  he  is  able  to  prove  it  does  not  (^xist.  The  point 
raised  as  to  the  depth  and  appearance  of  the  clay  in  the 
spar  hody  was  pointed  out  by  me  some  years  ago,  in  a  pai)er 
on  grinding  of  materials.  I  there  showed  that  the  body 
was  exactly  as  he  said — yon  could  si^e  right  into  it.  Rut 
now,  he  is  comparing  the  action  of  a  ball  clay  mix  with  th-it 
of  a  kaolin  mix.  You  want  to  compare  the  acticm  of  the 
mix  under  oxidizing  and  the  same  under  a  reducing  fire. 
Of  course  there  are  a  number  of  other  factors  that  come  in 
in  influencing  color,  whether  preimred  under  i*>xidizing  or 
reducing  conditions.  Nevertheless,  I  l)elieve  it  to  be  true 
that  the  ferrous  silicate  fust»«  and  In^comes  a  ulass  whereas 
the  ferric  oxide  nmy  remain  in  partial  s:)lution   or  five 

condition  and  causes  tlie  vellow  color  of  the  bod  v. 

*  • 

y  Mr,  Hope:  I  will  ask  whether  he  means  with  or  with- 
out cobalt  stain  when  he  speaks  of  bhu*stoning.  There  is 
liable  to  be  a  confusion  of  two  things. 

Mr,   Watts:     In  no  experiment  I  have  made  for  the 
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purpose  of  bringing  out  the  color,  have  I  introduced  any 
stain;  bec*ause  if  you  introduce  a  stain  you  thwart  the 
l>urpose  of  your  research ;  you  make  your  body  an  artificial 
blue.    The  bluestoning  ett'ei-t  I  called  bluestoning  because 

that  is  the  name  commonly  used  for  buff  >vare  when  it  has 

« 

l)eeu  reduced  and  turned  to  a  bluish  white  cast.  1  have 
always  been  taught  to  understaml  and  believe  that  it  is 
purelj'  the  result  of  retlucing  conditions.  I  never  heard 
that  the  blue  of  colmlt  was  intensified  by  reducing  condi- 
tions. 

J/r.  Hope:  But  it  is  intensified  by  higher  temper- 
ature. 

Mr.  Watts:  I  have  never  had  any  experience  tliat 
would  enable  me  to  make  anv  statement  as  to  that.  I  never 
considered  the  use  of  any  stain  in  any  experiments  I  have 
nmde  for  color.  That  is  a  thing  to  be  added  after  the  ware 
is  all  made,  and  you  are  ready  to  operate,  for  tlu*  purpose 
of  neutralizing  any  sliglit  dirome  tint  that  may  exist. 

Mr.  Burt:  In  speaking  of  bluestoning  there  is  one 
factor  that  has  not  been  mentioned  to  any  great  extent, 
thougli  Dr.  Zimmer  spoke  of  it,  and  that  is  the  deposit  of 
carbon  in  the  pores  before  vitrification  takes  place.  It  is  a 
question  whether  this  is  not  one  of  the  main  problems  here. 
Dr.  Zimmer  called  attenti(m  to  the  ne(*es*sity  of  being  care- 
ful to  have  an  oxidizing  fire  after  the  reducing  fire  to  free 
the  pores  of  the  clay,  before  vitrification  sets  in,  of  all  small 
particles  of  carbon  which  may  be  deposited  there.  If  this 
is  not  done  then  y(m  will  have  bluestoning  that  no  amount 
of  after-firing  will  free  it  from.  Isn't  that  largely  what  you 
have  there? 

Mr,  Watts:  I  will  siiy  that  I  have  never  undtfl't^iken 
to  produce  reducing  conditions  until  after  a  red  heat  has 
been  reached.  I  cannot  see  any  advantage  iii  doing  it 
earlier,  m  it  gives  exactly  the  cimdition  which  Dr.  Zimmer 
and  Mr.  Burt  referreil  to,  the  tendency  to  precipitate  car- 
bon on  the  ware,  which  will  certainly  give  you  the  grimj^ 
effect.  I  cannot  see  the  advantage  of  maintaining  redu(*ing 
conditions  at  any  time  in  the  kiln,  until  after  a  good,  bright 
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eherrv  red  has  been  reached;  and  when  we  have  reaeheil 
that  heat  we  do  not  have  to  worry  about  the  precipitation 
of  carl)on  in  the  ware.  At  least,  tliat  is  my  judgment.  Am 
I  right,  Dr.  Zimmer? 


THE  COMPOUNDING  OF  FRITS. 

BY 

H.  F.  Stalf.y,  Uniontown,  Pa. 

There  are  manv  members  of  the  American  Ceramic 
Society  who  have  more  or  less  to  do  with  the  compounding 
of  frits  and  are  therefore  familiar  with  their  successful 
manipulation.  Yet  in  the  various  volumes  of  the  Transac- 
tions are  many  instances  of  experimental  work  in  which  the 
compounding  of  frits  used  was  based  on  erroneous  iissump- 
tions.  Thi«  leads  to  a  two-fold  evil ;  it  detracts  from  the 
value  of  the  work  of  the  experimentor  and,  if  no  correction 
is  made,  may  lead  others  of  little  experience  into  a  like 
mistake. 

The  following  remarks  are  based  on  the  experience  of 
the  writer  and  on  what  he  has  been  able  to  glean  from  the 
work  of  others  coiToborating  his  own  work.  It  is  not 
claimed  that  the  rules  laid  down  are  final  and  conclusive, 
but  they  have  at  least  the  merit  of  having  proven  a  reliable 
guide  in  actual  practice. 

The  most  common  and  most  disastrous  fallacy  iu  the 
compounding  of  frits  is  the  assumption  that  frits  of  like 
stoichiometrical  formulae  will  have  like  pyrometrical  and 
physical  properties.  It  is  pretty  generally  admitted  that 
the  mineralogical  origin  and  physical  condition  of  the 
ingredients  of  a  raw  glaze  will  have  a  derided  bearing  on 
its  character,  but  very  often  we  find  no  such  allowance 
made  in  compounding  frits.  It  seems  to  be  assumed  that 
the  more  or  less  pyro-chemical  work  performed  in  the  frit- 
ing  operation  has  obliterated  any  differences  arising  from 
different  origins  and  physical  proi)erties  of  the  same  ( heuii- 
cal  elements.  The  error  is  greatest  when  the  frit  is  not  of 
proper  composition  and  is  merely  sintered  in  saggers,  is 
slightly  less  when  continuous  fritting  is  employed,  is  still 
grave  when  the  frit  is  brought  to  full  fluidity  and  quietude 
in  a  periodic  frit  kiln, 
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On  several  different  occasions  the  author  has  melted 
to  full  fluidity  in  a  frit  kiln  mixtures  having  the  same 
chemical  formula  but  varyins;  slightly  in  the  origin  of  some 
of  the  ingredients.  On  applying  these,  either  pure  or 
mixed,  with  the  same  raw  material  to  the  same  bodv  he 
fcmnd,  at  first  to  his  surprise,  that  they  did  not  give  the 
same  results.  Noav  he  would  be  surprised  if  they  did.  By 
simply  varying  the  selection  of  chemicals  the  same  formula 
may  be  made  to  give  a  nice  clear  glass  at  a  low  temperature 
or  an  opaque  porcelain-lake  jnass  at  from  150  to  200  decrees 
Centigrade  higher.  At  any  point  between  tiiese  two  ex- 
tremes the  mixture  can  be  made  to  craze,  fit  or  chip  on  any 
given  body. 

It  may  be  of  interest  to  know  how,  in  the  author's 
opinion  at  least,  the  selection  of  the  various  elements 
affects  the  character  of  the  glass. 

Fiid'Spar. 

Feldspar  is  taken  as  the  foundation  of  the  frit.  It  is 
Nature's  own  frit,  more  fusible  than  any  chemically  eijuiva- 
Jent  combination  of  alkali,  alumina  and  silica  compounded 
by  man.  A  feldspar  frit  gives  a  more  uniform  and  more 
workable  glass  than  any  other  kind,  and  at  the  pr<*sent 
price  of  chemicals  it  is  also  the  cheapest.  A  Cornish  Stone 
frit  would  probably  be  as  good  but  would  cost  a  little  more. 
Frits  containing  a  large  percentage  of  glass  sand  or  pot- 
ter's flint,  sometimes  with  an  addition  of  clay,  were  form- 
er] v  used  in  the  enameled  iron  business  but  have  been  su- 
perseded  by  feldspar  frits,  with  a  marked  improvement  in 
the  i)roduct  and  a  decided  reduction  in  the  cost  per  pound 
of  the  glass.  A  like  change  might  be  made  in  other  branches 
of  the  industrv  with  similar  benefit.s. 

The  selection  of  the  si^ar  used  is  of  importance.  Soda 
and  soda-lime  spars  are  more  fusible  than  the  potash,  and 
potash-soda  series,  and  are  therefore  cheaper,  as  they  do 
not  require  su<*h  a  large  percentage  of  the  expensive  fluxes 
to  produce  a  fusible  glass.    The  potash  spars  are  claimed 
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by  some  to  give  a  glass  uiore  resisitant  to  wear  and  less 
soluble,  but  this  can  be  controlled  by  other  factors  in  the 
compomtion.  In  selecting  a  spar  it  is  necessary  to  make 
empiric  test-s  of  the  brands  available.  This  is  best  done 
by  incorporating  samples  in  frits  of  the  same  general  make- 
up as  the  class  to  be  manufactured.  The  spar  that  is  most 
fusible  by  itself  may  not  give  the  most  fusible  frit.  The 
ultimate  analysis  of  a  spar  is  of  little  value,  as  the  same 
analysis  may  be  made  up  of  a  great  variety  of  combinations 
of  a  number  of  possible  minerals.  This  is  one  way  that  a 
ceramist  working  a  stoichiometrical  formula  and  using 
two  or  more  spars  indiscriminately  may  fail  to  get  con- 
sistent results.  There  is  also  a  physical  difference  in  spars 
owing  to  a  variation  in  fineness  of  grinding,  as  well  brought 
out  by  Prof.  Binns  (Trans  A.  C.  S.,  Vol.  V,  page  281). 
If  we  were  to  group  all  the  alkali-bearing  minerals  together 
under  the  heading  of  feldspathic  material  and  then,  by  a 
mineralogical  analysis,  determine  feldspathic!  material, 
clay  and  free  silica  and,  by  a  mechanical  analysis,  deter- 
mine the  physical  state  of  the  minerals  present,  we  might 
have  a  basis  for  comparison  of  different  spars.  Such  a 
method  would  be  tedious  and  unconvincing  and  in  prac- 
tical work  we  shall  probably  depend,  for  a  long  time  at 
least,  on  empiric  tests.  It  is  possible  to  substitute  one  spar 
for  another  airording  to  chemical  formulae  only  after  we 
have,  by  thorough  trial  in  the  class  of  work  in  hand,  estab- 
lished their  equivalence  or  obtained  a  factor  of  allowance 
to  be  made. 

As  has  been  said,  simr  is  looked  upon  as  the  foundation 
of  the  frit;  it  is  uswl  in  the  largest  amount.  In  general, 
the  problem  is  how  to  reduce  the  melting  point  of  spar 
and  to  alter  Its  properties  to  suit  our  needs.  Spar  is  a 
refractory  element  of  the  frit  owing  to  its  content  of  AlgOj^ 
and  SiOg,  an  increase  in  either  of  these  two  elements 
causing  a  rise  in  fusing  point  in  a  normally  compounded 
boro-silicate  frit.  Seldom,  if  ever,  is  it  necessary  to  bring 
in  these  elements  through  other  vehicles.  On  the  one  hand 
devitrification  i)henomena,   incident  to  abnormally  high 
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silica,  and  on  the  other  hand  easy  solubility,  if  high  alkalies 
are  present,  and  excessive  running  of  the  glaze,  incident  to 
abnormally  low  AI2O3,  are  avoided  by  introducing  them 
together. 

Clay, 

Clay  is  a  possible  source  of  AlgO^  and  SiOg.  Its  use  is 
^to  l)e  avoided  as  it  impairs  the  fusibility  to  an  excessive 
•degree,  making  it  necessary  to  use  large  quantities  of  ex- 
pensive fluxes  to  produce  a  fnsible  frit.  Nothinc:  is  accom- 
plished by  introducing  alumina  and  silica  in  tins  way  that 
can  not  be  reached  by  bringing  them  in  by  means  of  spar, 
and  the  disadvantage  is  great.  Mixtures  overburdened 
with  lime  that  are  softened  by  the  introduction  of  clay 
have  no  place  in  this  class  of  work.  High  lime  is  permis- 
sible in  raw  glazes  on  account  of  the  small  number  of  fluxes 
available,  but  in  the  broader  and  richer  field  of  fritted 
^lazies  it  is  to  be  avoided. 

Flint  and  Sand. 

These  have  the  same  effect  as  SiOg  in  spar  but  run  up 
the  fusibility  much  more  rapidly.  Physical  differences 
have  a  marked  effect,  coarse  glass  sand  being  much  more 
noticeable  in  its  action  than  potter's  flint,  but  if  this  same 
sand  is  ground  as  fine  as  the  flint  their  action  is  the  same. 
Of  course  they  can  be  used  in  a  frit  but  are  best  avoided 
on  account  of  their  decided  hardening  tendency,  danger  of 
causing  devitrification,  the  brittle  character  they  impart 
to  a  glaze,  etc. 

Aluminum  Oxidr. 

This  is  one  of  the  most  refractory  materials  that  can 
be  added  to  a  soft  frit.  It  is  t^iken  into  solution  with  great 
difficulty,  and  if  added  in  large  amounts  will  turn  a  nice 
fusible  glass  into  a  porcelain  like  mass.  Free  AI2O3  in  a 
formula  is  not  to  be  compared  to  Al^O.;  from  spar. 
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Cryolite. 

• 

The  AI2O3  and  sodium  brought  in  through  this  mineral 
have  the  same  effect  as  they  do  when  brought  in  by  spar. 
The  fluorine  has  the  same  eflfeft  as  in  other  fluroideis. 

The  Alkalies. 

From  whatever  source  they  are  derived — spar,  the- 
carbonates,  the  nitrates,  borax,  etc. — the  alkalies  seem  to 
always  have  the  same  effect,  ahvays  making  the  mix  more 
fusible.  This  uniformity  of  effect  is  probably  due  to  the 
fact  that  the  alkalies  are  either  in  combination,  as  in  feld- 
spar, or  are  readily  fusible  in  themselves,  if  free,  and  so 
readily  taken  into  combination. 

Calcium,  Magnesium  and  Barium.  Oxides. 

As  fluorides. — When  brought  in  as  fluorides  these 
oxides  have  the  same  effect  as  if  thev  were  introduced 
through  spar.  The  fluorine  has  its  own  characteristic 
action. 

As  carbonates  or  free. — When  introduced  in  tliis  form,, 
these  fluxe?!  are  less  readily  taken  into  combination  and 
their  fluxing  power  is  lessened,  especially  in  low  tempera- 
ture work.  The  difference  is  noticeable  not  only  in  the  frit 
kiln,  but  in  the  melting  of  the  glaze  of  enamel  on  the  ware. 
Calcium  and  magnesium  oxides  are  the  most  noticeable 
in  this  respect,  barium  oxide  seeming  to  exert  its  great 
fluxing  power  with  more  uniformity. 

Zinc  and  Lead  Oxides. 

The  metallic  oxides  are  generally  added  as  one  of  the^ 
various  oxides  or  as  carbonates.  There  is  no  noticeable 
difference  due  to  the  elements  being  brought  in  through 
these  two  channels. 
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Fluorine. 

Florine  is  used  in  low  temperature  frit  work,  espec- 
ially where  opacity  is  desired.  It  is  introduced  through 
cryolite,  calcium  fluoride,  barium  fluoride,  sodium  fluoride, 
etc.  All  are  readily  taken  into  solution,  and  there  is  no 
difference  due  to  the  various  means  by  which  the  element 
is  brought  in.  The  effect  of  fluorine  is  always  the  same. 
It  tends  to  reduce  the  melting  point,  to  cause  crazing,  a 
milkv  opacity  and  a  verv  fluid  frit. 

Boric  Arid. 

Boric  acid  is  introduced  bv  means  of  borax  and  as 
flaky  acid.  It  has  the  same  effect  when  brought  in  through 
either  channel. 

These  scattered  statements  may  be  gathered  together 
under  one  main  proposition  and  a  few  corolaries. 

1.  The  greater  the  ease  T\ith  which  an  element  is 
taken  into  solution  the  lower'  the  melting  point  of  the 
mixture. 

That  is,  the  fluxes  exert  their  power  more  fully  and 
the  refractory  elements  have  a  less  hardening  effect. 

a.  Readily  fusible  minerals  are  taken  into  solution 
with  greatest  ease. 

b.  Elements  introduced  through  a  mineral,  all  of 
Avhose  members  are  suitable  to  enter  into  combination,  are 
taken  up  much  more  readily  than  if  introduced  alone  or  in 
combination  with  an  inert  element. 

c.  The  finer  the  particles  of  a  mineral  the  more  read- 
ily it  is  taken  up. 

Proportioning  the  Frit. 

The  usual  reason  given  for  fritting  is  to  produce  an 
easily  fusible  glass  or  glaze  without  the  use  of  high  lead. 
The  usual  obje(*tion  given  agaJnst  fritting  is  the  increased 
cost  on  account  of  the  use  of  more  expensive  ingredients 
and  the  extra  labor.     By  a  proper  proportioning  of  the 
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ingredients  the  object  mentioned  can  be  readily  obtained 
and  at  the  same  time  a  saving  effected  in  the  cost  of  the 
ware.    This  economy  is  obtained  in  the  following  ways : 

1.  By  the  use  of  spar  as  the  refractory  element  of  the 
glass  instead  of  flint  and  clay,  as  in  raw  glazes,  where  high 
spar  must  be  avoided  on  account  of  physical  behavior  in 
drying  and  burning.  Being  much  less  refractory  than 
these  other  minerals  spar  can  be  used  up  to  almost  twice 
the  weight  required  of  them  to  make  a  suitable  glaze.  Only 
enough  clay  need  be  added  in  some  cases  to  give  the  glass 
good  floative  qualities.  In  substituting  potash-spar  for 
flint  in  a  frit  formula,  the  practice  of  the  writer  is  to  use 
about  sixteen  pounds  of  spar  in  place  of  ten  pounds  of  flint. 
In  a  batch  w^here  the  flint,  or  flint  and  clay,  thus  replaced, 
amounts  to  from  40  to  60%,  the  saving  is  quite  large. 

2.  By  the  use  of  high  alkalies  and  consequent  reduc- 
tion in  the  amount  of  expensive  fluxes  needed.  This  can 
be  safely  done  without  danger  of  producing  an  easily  sol- 
uble glass  on  account  of  the  high  alumina  brought  in  by 
spar.  As  a  general  statement  it  may  be  said  that  it  is  safe 
to  have  the  equivalent  amount  of  total  alkalies  equal  to  the 
equivalent  of  alumina  in  the  final  glaze.     In  a  high-spar 

'fritted  glaze  this  may  run  up  to  four-tenths  of  an  equi^-a- 
lent,  or  even  a  little  more.  It  is  not  at  all  necessary  for 
all  the  alkalies,  outside  of  the  amount  brought  in  by  spar, 
to  come  in  through  borax.  In  fact,  by  substituting  soluble 
salts  of  the  alkalies  for  lime  it  is  often  possible  to  reduce 
the  amount  of  boric  acid  needed  to  produce  a  fusible  glass 
of  proper  coefficient.  Soda-ash  at  a  cent  a  pound  is  a  cheap 
glaze  flux. 

3.  By  saving  fuel,  time  and  lal)or  in  the  glost  kiln, 
enameling  furnace  or  in  whatever  place  the  frit  is  glaze<l 
upon  a  body.  When  the  body  is  fully  prepared  in  a  separate 
operation  as  white  ware  biscuit,  cast  iron  for  f^nameliiig, 
etc.,  the  advantage  of  a  suitable  coat,  maturing  at  a  con- 
siderable lower  temperature  than  would  be  possible  witli 
a  raw  glaze,  is  quite  great.  If  the  body  is  fairly  dense  and 
uniform,  it  is  remarkable  at  what  low^  temperatures  a  glaze 
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free  from  crazing  cau  be  proilueed.  Even  for  one-fire  ware 
the  material  cost  can  be  kept  below  that  of  a  raw  lead 
glaze  and,  if  made  in  large  quantities,  the  labor  cost  is 
not  large. 

Alkalies.  As  stated  above,  these  are  kept  as  high  as 
possible  without  injuring  the  quality  of  the  glass. 

Alkaline  earths,  calcium  and  maqnesium  oxides.  These 
are  kept  low  unless  introduced  through  spar.  When  added 
as  carbonates  thev  do  not  go  into  solution  readilv  and  are 
not  elHcient  fluxes. 

Metallic  oxides — zinc  and  lead.  Since  lime  is  kept 
low  zinc  can  be  used  to  considerable  extent  without  danger 
of  stiffening  the  glaze.  Pound  for  pound  it  seem«  to  be 
equal  or  superior  to  lead  as  a  flux  and,  as  it  costs  less,  there 
is  economy  in  its  use.  The  amount  of  lead  used  depends 
upon  the  fusibility  of  the  glass  desired  and  the  price  of 
borax.  In  nearly  all  cases  it  can  be  kept  from  exceeding 
.25  equivalents. 

AlzOn  and  SiOz-  As  outlined  above,  these  are  for  the 
most  part  brought  in  together  by  means  of  spar.  They 
must  be  used  in  large  enough  quantity  to  insure  a  good 
stable  glass.  The  experience  of  the  writer  agrees  with 
that  of  Messrs.  Purdy  and  Krehbiel  (Trans.  A.  C.  S., 
Vol.  9,  "Fritted  Glazes")  in  finding  that  alumina  decreases 
crazing  and  raises  the  firing  point,  but  has  not  found  this 
action  confined  to  amounts  above  .25  equivalents,  af*  they 
state,  but  taking  place  whatever  the  original  content  of 
alumina. 

Boric  acid.  Considerable  has  been  written  about  the 
function  of  BgO^  in  a  glaze.  Seger's  statement  that  it 
decreased  crazing  and  at  the  same  time  acte<l  as  a  flux 
was  at  one  time  generally  accepted.  This  is  now  known  to 
be  a  mistake  (Burt  Trans.  A.  C.  S.,  Vol.  VII,  "(Coefficient 
Equivalents,"  Purdy  and  Krehbeil  Trans.  A.  C.  S.,  Vol. 
XIX  **Fritted  Glazes").  Relieved  of  this  seeming  incon- 
sistency, we  can  now  say  that  any  variation,  physical  or 
chemical,  that  increases  the  fusibility  of  a  glaze  tends  to 
increase  crazing.     The  writer's  practi(*e  has  been  to  treat 
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B2O3  as  an  available  flux  in  addition  to  the  regular  basic 
fluxes,  but  to  be  used* as  sparingly  as  possible  on  account  of 
its  high  Cost.  The  glass  is  to  be  made  as  fusible  as  possible, 
as  indicated  above,  by  keeping  the  alkalies  high,  the  lime 
low,  the  metallic  oxides  fairly  well  up  and  bringing  in,  when 
possible  through  spar,  only  enough  alumina  and  silica  to 
produce  an  insoluble  glairs.  If  the  glaze  is  still  too  refrac- 
tory after  all  these  things  have  been  done,  boric  acid  is 
brought  in  as  a  last  resort.  The  introduction  of  B2O3  does 
not  increase  the  solubility  of  the  glaze  to  the  extent  that  a 
farther  increase  in  alkalies  would  and  does  not  give  the 
yellow  color  that  high  lead  would.  Otherwise  boric  acid 
can  be  considered  equal,  qualitatively,  in  its  fluxing  action 
to  the  clear  glass-forming  basic  fluxes.  By  careful  com- 
pounding of  the  rest  of  the  glaze  the  amount  necessary  can 
be  kept  quite  low.  The  statements  that  have  be^in  made  to 
the  effect  that  the  equivalent  amount  of  B2O3  must  bear 
a  certain  relation  to  the  equivalent  amount  of  Si02  were 
no  doubt  true  for  the  formulas  used,  but  the  restriction 
arose  from  other  factors  in  the  make  up  of  the  glaze,  not 
from  any  necessary  relation  between  silica  and  boric  acid. 
When  we  call  to  mind  that  in  many  such  cases  it  is  possible 
to  make  an  equivalent  glaze  without  the  use  of  boric  acid 
at  all,  we  know  that  this  must  be  true. 

Devitrification. 

Devitrification  has  come  to  mean  not  onlv  the  crvs- 
talization  of  elements  formerly  in  solution,  especially  fre- 
quent in  very  silicious  glazes,  but  also  the  stone-like  effect 
produced  by  the  failure  of  some  element  to  go  into  solution. 
These  are  considered  to  be  only  separate  phases  of  the  one 
problem  of  solution.  In  one  case  there  is  failure  to  dissolve 
and  in  the  other  is  failure  to  hold  in  solution.  The  glaze 
seems  to  vary  in  its  power  to  divssolve  various  elements,  the 
alkalies,  boric  acid  and  lead  oxide  being  dissolved  in 
unlimited  amounts,  the  alkaline  earths,  zinc  and  alumina 
sparingly,  silica  to  a  large  amount.     The  exact  limit  of 
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solubility  for  any  one  element  will  depend  on  the  amounts 
of  the  other  elements  present,  their  physical  condition  on 
entering  the  glaze,  and  the  heat  treatment.  A  large  amount 
of  one  or  several  of  the  sparingly  soluble  elements  always 
give  trouble.  Silica  may  be  added  in  such  amounts  as  to 
be  in  excess,  especially  at  low  temperatures,  and  this  excess 
may  be  overcome  by  the  addition  of  one  of  the  sparingly 
soluble  elements  as  alumina  or  zinc.  Vice  versa,  addition 
of  silica  will  aid  in  the  solution  of  an  excess  of  any  of  the 
sparingly  soluble  group.  Addition  of  any  of  the  very 
soluble  group,  the  alkalies,  lead,  and  boric  acid  tends  to 
overcome  poor  solution  of  any  of  the  meml)ers  of  the  other 
groups.  This  is  probably  the  basis  of  the  supposition  that 
the  function  of  B2O3  is  to  prevent  devitrification  and  of 
the  standard  remedy  for  the  excess  of  silica,  consisting  of 
a  liberal  dose  of  alumina.  The.se  remarks  are  in  line,  I 
believe,  with  the  accepted  teachings  in  regard  to  the  forma- 
tion of  eutectics.  The  high-lime,  high-silicu  type  of  glaze 
is  especially  liable  to  give  trouble  from  devitrification. 

Proportioning  Frit  and  Raw  Materials. 

One  of  the  chief  objects  in  fritting  is  to  render  some 
soluble  ingredient  insoluble,  and  of  course  all  of  these 
should  he  included  in  the  frit.  There  must  also  be  indudiHl 
enough  SiOa  and  AlgO.,,  zinc,  lime,  or  lead  to  produce  a 
staple  glass.  If  there  is  any  ingredient  that  is  hard  to 
bring  into  combination  and  is  erratic  in  its  action  when 
fluxing  does  begin,  it  is  well  to  include  the  bulk  of  it  in 
the  fritt.  Any  element  that  is  liable  to  be  injuriously  af- 
fected by  kiln  gases  should  be  included  in  the  frit.  Ele- 
ments that  would  have  a  tendencv  to  fuse  before  the  rest 
of  the  glaze,  and  so  either  suffer  from  volatilization  or 
start  the  glaze  to  fusing  l>efore  the  proper  time,  should  go 
into  the  frit.  Inert  ingre<lients  intended  for  opacifiers. 
most  pigments,  and  in  fact  anything  for  which  especially 
good  distribution  is  desirable,  should  also  be  included.  In 
the  raw  part  anything  that  is  especially  refractory  and  so 
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liable  to  remain  uneombined  after  the  bulk  of  tlie  glaze 
has  matured  is  best  avoided.  Unless  added  for  some  very 
special  reason,  it  is  out  of  place  in  a  fritted  glaze.  In  com- 
pounding the  frit  it  must  always  be  kept  in  mind  tliat  it 
has  to  go  through  the  frit  kiln,  and  that  a  nice  fluid  frit 
that  does  not  attack  the  lining  of  your  tank  too  vigorously 
is  essential  to  the  successful  operation  of  a  frit  room. 

The  relative  bulk  of  frit  and  raw  material  used  will 
depend  on  the  heat  treatment  to  be  given  the  glaze.  If  it 
is  desired  to  produce  an  enamel  for  metals  that  must  melt 
down  in  a  very  few  minutes,  practically  all  of  the  material 
must  be  fritted.  If  a  glaze  is  being  made  for  ware  that 
must  be  in  kiln  for  a  considerable  length  of  time,  a  good 
share  of  the  material  must  be  raw  so  as  to  get  a  slow  and 
steady  fusion  and  a  rather  viscous  glaze.  The  raw  and 
fritted  part  of  the  glaze  should  not  be  too  far  apart  in 
fusion  point  or  the  soft  portion  ie  liable  to  suffer  severely 
from  volatilizatit)n.  When  all  these  restrictions  are  ob- 
served there  is  very  little  left  to  chance  in  the  division  of 
the  raw  and  fritted  portions  of  a  glaze. 

As  stated  in  the  beginning  of  these  remarks,  the  prin- 
ciples here  put  forth  have  been  tested  in  the  daily  work  of 
the  writer.  For  the  reason  that  he  feels  so  sure  of  them  and 
on  account  of  the  amount  of  ground  that  would  have  to  be 
gone  over,  he  has  not  prepared  experimental  proofs  of  the 
statements.  However,  if  any  one  has  doubts  as  to  the 
correctness  of  any  of  the  claims  made,  and  will  so  inform 
the  writer,  he  will  gladly  attempt  to  substantiate  his  views 
with  experimental  proof  covering  that  phase  of  the  subject. 


ACTION  OF  CHROMIUM  OXIDE  IN  GLAZES 

CONTAINING  ZINC 

BY 

Meurill  L.  Bryan^  Columbus,  Ohio. 

In  ^discussions  that  have  come  up  on  diflerent  occa; 
sions  between  several  men  making  a  specialty  of  glaze  work 
and  nivself,  the  use  of  raw  Chromium  Oxide  wac^  one  that 
seemed  to  liave  caused  the  most  trouble,  and  the  most  talk ; 
also  the  fact  that  the  books  generally  used  by  glaze  men 
had  reference  to  no  other  material  than  iron,  that  was 
detrimental  to  production  of  good  gi*een  colors  with  the 
raw  oxide.  There  was  evidently  somethimr  else  that  hin- 
dered  the  chrome  from  producing  the  green,  because  in 
most  cases  iron  was  found  to  be  absent. 

My  own  experience  with  the  use  of  raw  chromium 
oxide  dates  back  to  1905,  at  the  plant  of  the  Altanta  Terra 
C\)tta  Company,  Atlanta,  Ga.,  when  I  was  called  upon  to 
make  a  green  nuitt  glaze.  The  temperature  was  cone  3,  the 
dui-ation  of  burn  several  days;  consequently  copper  oxide 
was  out  of  the  question,  and  I  had  to  reiy  on  the  use  of 
chromium  oxide. 

I  had  been  using  a  white  matte  glaze  on  the  terra 
(*otta,  with  very  good  results,  therefore  I  used  it  as  a  base 
for  my  color  series.  This  glaze  had  a  large  content  of  zinc 
oxide,  but  this  fact  did  not  suggest  itself  to  me  as  being  a 
disadvantage.  I  made  up  trial  glazes,  using,the  white  with 
addition  of  raw  oxide  of  chromium  from  .01  to  .05  equiva- 
lents. These  glazes  were  sprayed  upon  the  body,  which 
had  previously  been  coated  with  a  white  engobe,  and  fired 
to  cone  3,  in  a  down-draft  muffle  kiln.  When  the  kiln  was 
drawn,  I  was  sur])rised  to  find  that  I  did  not  have  green 
glazes,  as  I  expectcxl,  but  instead  I  had  several  shades  of 
brown. 

I  immediately  conclude<l  that  ii-on  was  present,  or  had 
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been  furnished  in  some  wuy.  Possibly  the  buff  body  had 
had  some  effect  upon  the  glaze,  even  through  a  white  en- 
gobe.  One  of  the  bodies  down  there  was  made  from  the 
native  day,  and  the  percentage  of  iron  in  it  was  very  small, 
as  it  burned  pure  white.  I  covered  this  body  with  the  same 
engobe  and  the  same  glazes,  and  got  the  same  results.  I 
could  not  see  how  my  glaze  materials  could  contain  suffi- 
cient iron  to  effect  the  chrome,  as  they  were  the  best  the 
market  afforded. 

In  the  meantime  I  had  been  trying  to  cheapen  the 
white  matte  by  cutting  down  the  zinc  oxide,  and  had  at 
last  perfected  a  glaze  that  contained  no  zinc  oxide  at  all. 
I  tried  the  different  coloring  oxides  in  this  glaze  to  see 
what  kind  of  coloi*s  I  could  produce  with  it,  and  along  with 
the  ve^t  I  put  some  chromium  oxide.  To  my  surprise,  I  got 
the  gr(^n  I  wanted,  but  when  I  made  it  up  I  had  no  idea 
that  the  result  would  be  different  than  l>efore. 

I  spoke  to  Prof.  Orton  about  my  experience  with  these 
glazes,  and  he  suggested  that  it  would  be  a  good  idea  to 
carry  out  a  line  of  experiments,  and  read  the  results  to  the 
American  Ceramic  Society. 

The  first  thing  that  was  necessary  was  a  series  of 
matte  glazes,  in  which  the  zinc  oxide  conid  be  varied  at 
the  expense  of  some  other  material  from  zero  to  a  large 
quantity,  and  at  the  same  time  not  affect  the  texture  of  the 
glaze. 

This  series  is : 
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6o 

70 
8o 
90 


K20 

CaO              BaO 

ZnO 

AliOs 

Sic 

1 

'      .25 

•^2 

45 

.00 

!                                    - 

'      .3 

2. 

.25 

.28 

.42 

.05 

•^ 

2. 

.25 

.26 

39 

.10 

•3 

2. 

.25 

.24 

36 

.15 

•3 

2. 

.25 

.2:? 

33 

.20 

•^ 

2. 

.25 

.20 

30 

.25 

'         .3 

2. 

■^'^ 

.18 

27 

.30 

1         .3 

2. 

•25   , 

.16 

m 

24 

.35 

•3 

2. 

.25 

.14 

.21 

.40 

1         -3 

2. 
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BATCH  WEIGHTS. 


^o. 

Spar. 
139.25 

Whiting. 
30.0 

Barium. 
88.65 

Zinc. 
0.00 

Clay. 
12.9 

Flint. 

10 

24.0 

20 

139-25 

28.0 

^?-74 

4.05 

12.9 

24.0 

30 

139.25 

26.0 

76.83 

8.10 

12.9 

24.0 

40 

139.25 

24.0 

70.92 

12.15 

12.9 

24.0 

50 

139.25 

22.0 

65.01 

16.20 

12.9 

24.0 

6o 

139.25 

20.0 

59.10 

20.25 

12.9 

24.0 

70 

139.25 

18.0 

53.19 

24.30 

12.9 

24.0 

8o 

139.25 

16.0 

47.28 

28.35 

12.9 

24.0 

go 

139.25 

14.0 

41.37 

32.40 

ii.9 

24.0 

The  zinc  was  added  at  the  expense  of  the  lime  and 
barium,  the  ratio  between  these  being  the  same  throughout 
— 2 : 3.  These  were  selected  because  the  varying  of  the 
potash  would  cause  a  difference  in  the  amount  of  spar  and 
clay  to  be  added,  consequently  if  iron  was  present  in  them, 
it  would  be  constantly  varying. 

The  extremes  were  ground  in  a  ball  mill  for  one  hour, 
then  evapoi-ated  to  dryness  in  order  to  make  the  blends  by 
dry  weight. 


No. 


TO 
20 
30 
40 
SO 
60 
70 
80 
90 


No.  10. 
All 

No.  90. 

Eq.  Weight. 

None 

294.80 

7  Parts 

I   Part 

290.94 

'              6  Parts 

2  Parts 

287. c8 

5  Parts 

3  Parts 

283.22 

4  Parts 

4  Parts 

279.36 

3  Parts 

5  Parts 

275.50 

2  Parts 

6  Parts 

271.64 

I   Part 

7  Parts 

267.78 

Xone 

All 

263.92 

To  each  of  the  blends  made  up,  four  additions  of  green 
oxide  of  chromium  were  made,  viz: — .005,  .010,  .015  and 
.02,  equivalents. 
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.76  CnO) 

No. 

1.52  CrjO. 

294.80 

2(M-8o    ! 

x^ 

22 

290.94 

32 

287.08 

283.23 

42 

283,22 

279.36 

52 

279.36 

275.50 

62 

275-50 

271.64  . 

72 

271.64 

267.78 

& 

267.78 

263.92 

92 

263.92 

I  Dry  Glaie  )      _'  |  Dr>'  Glaie  | ' 


2.28Cr,Os 

No. 

3.04 

294.80 

14 

294 

%-^ 

24 
34 

'M 

283.22 

44 

283 

279-36 

54 

279 

2-5.50 

64 

275 

%% 

74 

271 

84 

267 

263.92 

94 

263 

Drj  Glaze 

T 

Drj- 

Glaze 


These  were  then  grmiiul  iu  a  ba})  mill  for  thirty  min- 
utes, }!umtragacanth  molutioii  being  U8e<l  in  order  to  make 
the  glazes  adhere  to  the  tile.  These  were  applied  to  bis<)ue 
tile,  making  thirty-six  samples.  The  firing  was  carrietl  on 
in  a  gas  mnffle  kilo,  at  the  Ceramic  Laboratory  of  the  Ohio 
State  University,  at  the  temperature  of  eone  3. 

The  range  of  green  colors  was  very  Siiiall,  as  spots  of 
browu  b^an  to  show  at  number  33.  The  ziDO  content  at 
this  point  is  .1  equivalent,  and  the  chromium  ,015  equiva- 
lent; from  this  point  np,  the  browns  become  more  pr<»- 
nounced. 


.010 

Mi 
C^0» 

.010 
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In  explaining  this,  my  idea  at  first  was  that  the  zinc 
oxide  had  remained  suspended  in  the  glaze,  just  as  it  does 
in  a  Bristol  glaze,  only  that  the  matte  glaze  is  more  imma- 
ture, and  the  quantity  of  zinc  oxide  uueombined  is  greater. 
Chromium  oxide  is  taken  into  a  glaze  with  difficulty,  hence, 
with  two  materials  not  taken  into  the  glaze,  there  is  a 
possibility  that  they  might  go  together  and  form  a  chro- 
mate  of  zinc,  but  this  point  was  in  doubt,  owing  to  the 
fact  that  one  end  of  my  kiln  had  a  few  jjieces  of  the  high 
zinc  series,  which  had  been  exposed  to  the  flame.  These 
were  matured,  but  instead  of  being  brown,  were  green.  To 
ascertain  whether  this  was  due  entirely  to  reduction,  or  to 
the  fact  that  most  of  the  zinc  had  been  taken  into  solution, 
led  me  to  reftre  the  trials  to  cone  9,  in  a  good  oxidizing  fire, 
in  order  to  mature  them.  This  heat  did  not  mature  the 
glazes,  neither  did  it  change  the  color  of  the  flasJied  pieces. 

To  get  at  this,  it  was  necessary  to  design  a  new  series, 
that  could  take  a  large  quantity  of  zinc  into  solution.  Lea<l 
was  used  as  a  flux  to  do  this,  and  tlie  series  runs  as  follows : 


No. 


100 
200 

300 
400 

500 

600 
700 

800 

900 


PbO 


.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 


CaO 


.40 

.35 
•30 

.25 
.20 

.15 
.10 

.05 
.00 


KjO 


.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 


ZnO 


.00 

.05 
.16 
.15 

.JO 

.30 

35 

.40 


AUOs 


.15 
IS 
.15 
.15 
.15 
.15 
.15 
.15 
.15 


SiOs 


•5 
.5 

■  5 
•  5 
.5 
.5 

.5 

I" 

.5 
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BATCH  WEIGHTS. 


--, 

-  — ^"-~ 

— 

-"-" 

- 

-    — 

No. 

1 

Lead. 

Whiting. 

Spar. 

Zinc. 

Clay. 

Flint: 

100 

129.00 

40.00 

55.70 

00.00 

12.90 

40.00 

200 

129.00 

35.00 

55.70 

405 

8.10 

12.90 

40.00 

300 

129.00 

30.00 

55.70 

12.90 

40.00 

400 

129.00 

25.00 

55.70 

12.15 

12.90 

40.00 

500 

129.00 

20.00 

55.70 

16.20 

12.90 

40.00 

6oo 

129.00 

15.00 

55.70 

20.25 

12.90 

40.00 

700 

129.00 

10.00 

55.70 

24.30 

12.90 

40.00 

8oo 

129.00 

500 

55.70 

28.35 

12.90 

40.00 

900 

129.00 

00.00 

55.70 

32.40 

12.90 

40.00 

■ 

_ 

I        ■ 

The  same  treatment  Avas  given  this  series  in  prepara- 
tion that  was  given  the  matte  series,  the  trials  were  fired 
in  the  same  kiln,  to  cone  1,  instead  of  cone  3.  Numbers 
100  and  200  are  immature;  numbers  800  and  900  sliow 
crystals  of  zinc;  numbers  300,  400,  500,  600  and  700  are 
good  clear  glazes,  showing  no  opacity,  and  no  crystalline 
s^regations. 

To  each  of  the  above  glazes,  the  same  amounts  of 
chromium  oxide  were  added,  viz : — ,005,  .01,  .015  and  .02, 
equivalents. 


' 

No. 

1 

.76  CrxOs 
277.60 

No. 
102 

1.52  CrjOs 
277.60 

No. 
103 

2.28  Ci^Os 

No. 
104 

3.04  CrsOs 

lOI 

277.60 

277.60 

201 

276.65 

202 

276.65 

203 

276.65 

204 

276.65 

301 

275.70 

302 

275.70 

303 

275.70 

304 

275.70 

401 

274.75 

402 

274.75 

403 

274.75 

404 

274.75 

501 

273.80 

502 

273.80 

503 

•    273.80 

504 

273.80 

601 

272.85 

602 

272.85 

603 

272.85 

604 

272.85 

701 

271.90 

702 

271.90 

703 

271.90 

704 

271.90 

801 

270.95 

802 

270.95 

803 

270.95 

804 

270.95 

901 

270.00 

902 

270.00 . 

903 

270.00 

904 

270.00 

Dry  Glaze 

Drv  Glaze 

Dry  Glaze 

Dry  Glaze 

The  result  was  the  same,  only  the  green  had  even  a 
smaller  range,  only  five  showing  a  green  tint. 


A.  C.  S.-  9 


OY    CHROMIUM 


■  WZnO-   JOZne      .KIZnB       .eZnO       .aiZnO        .tSIiH)      .HOnO    .55».0 


From  these  two  series  it  oau  be  seen  that  tlio  brown 
colors  are  not  due  to  the  presem'e  of  uncombined  zinc;  but 
that  the  zinc  is  the  element  that  is  detriinentai  to  the 
chromium  osi<le  iu  producing  its  best  color,  there  can  be 
no  doubt. 

The  higher  forms  of  chromium  are  not  greens,  but  are 
browns.  The  ordinar_v  atmosphere  of  a  kiln  in  my  opinion, 
is  not  sufficient  to  ox\-dize  the  OrjO^  or  green  oxide  to  a 
higher  form,  and  as  there  ia  no  L-ompound  of  zinc  between 
the  ZuO  and  Zn  forms,  zinc  oxide  does  not  act  as  an  oxvdiz- 
ing  agent. 

I  can  only  see  one  material  that  this  higher  or  acid 
form  of  chrome  could  attack,  and  that  would  be  the  zinc, 
the  result  would  l>e  the  formation  of  a  chromate  of  zinc, 
hut  in  the  color  scries  of  number  800,  the  surfaces  of  the 
tile  are  completely  covered  with  crystals,  while  the  clear 
glaze  only  shows  them  around  the  edges,  one  or  two  on 
the  face.  If  zinc  chromate  were  formed,  zinc  oxide  would 
be  taken  from  the  glaze,  consequently  the  glaze  would  be 
less  liable  to  become  supersaturated  with  7.inc,  conse- 
quently the  tendency  of  crystallization  would  be  lessened. 
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The  conclusion  I  draw  from  this  series  of  trials,  is 
that  the  zine  oxide  acts  as  an  agent,  supplying  the  oxygen 
necessary  to  change  the  CrgO^i  to  a  higher  form,  where  it 
remains  as  such,  unless  it  is  given  a  violent  reducing 
atmosphere. 

The  coloring  power  of  chromium  then  is  merely  a 
question  of  oxidation,  and  when  zinc  is  present  the  chrom- 
ium is  oxidized  to  its  higher  form,  hence  the  brown  color. 


DISCUSSION. 

Mr,  Plusch  :  My  experience  corroborates  yir.  Bryan's 
throughout.  I  have  done  similar  work,  using  zinc  oxide 
with  different  coloring  oxides  in  glazes.  I  have  found  that 
the  effect  of  the  zinc  oxide  on  the  coloring  oxides  is  ex- 
tremely variable  and  interesting.  For  instance,  the  higher 
the  zinc  in  a  cobalt  glaze,  the  more  it  runs  to  the  violet,  and 
the  less  zinc,  the  more  it  runs  to  the  cold  blue.  Of  all  the 
bases  ZnO  seems  to  be  the  most  active  in  producing  inter- 
esting effei*ts  with  coloring  oxides. 

Mr.  Mayer:  I  have  had  a  little  experience  with  zinc 
oxide  in  connection  with  underglaze  colors.  At  one  time 
a  firm  in  East  Liverpool  asked  me  to  supply  them  with  a 
color  such  as  I  was  using  for  underglaze  ware.  I  sent  the 
color  down  and  they  sent  the  trial  back — ^as  fine  a  raven 
black  as  you  could  get.  I  asked  the  person  who  shipped 
it  what  the  matter  was,  and  he  said  he  sent  the  No.  868 
green,  which  we  used,  I  sent  another  lot  down  myself. 
They  were  wanting  to  adopt  a  green  stamp,  but  when  the 
trial  came  back  it  was  exactly  the  same,  a  black.  Our  glaze 
contains  no  oxide  of  zinc — we  never  use  it  in  glaze,  and 
under  our  glaze  this  color  is  a  very  brilliant  green.  It 
seeini*  that  no  matter  what  percentage  of  zinc  is  in  the 
glaze,  it  will  affect  the  color,  ranging  fnmi  a  black  to  a 
dirty  brown.  The  color  itself  contains  twenty  percent  of 
oxide  of  zinc.  Where  there  is  no  oxide  of  zinc  in  the  glaze, 
every  time  the  color  is  a  brilliant  green,  very  stable;  but 
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directly  you  get  oxide  of  zinc  in  the  glaze,  even  where  it 
runs  four  or  Ave  percent,  it  will  make  it  run  from  a  brown 
to  black. 

Mr.  Humphrey:  In  making  brown  matt  glazes  with 
chromium  and  zinc,  I  have  noticed  a  variation  in  color  due 
to  different  lengths  of  time  burning.  The  color  I  produced 
on  many  occasions,  which  was  a  uniform  brown  in  the 
ordinary  burn,  even  though  the  temperature  varied,  if 
burned  in  the  trial  kiln  in,  say,  twenty-four  hours,  it  came 
out  a  distinct  green.  I  don't  know  the  reason  unless  the 
zinc  did  not  combine  with  the  chromium  in  so  short  a  time. 
In  pulling  down  the  kiln  door,  where  the  brown  matt  glaze 
is  exposed  to  view  while  the  kiln  is  still  very  hot,  the  glaze 
is  very  distinctly  green,  but  as  it  cools  it  turns  to  brown 
and  does  not  show  any  green.  The  difference  in  the  length 
of  burning  makes  a  very  decided  difference  in  tlie  color. 

Mr.  Bryan :  I  determined  that  myself.  1  took  a  small 
muffle  kiln  at  the  University  and  put  in  some  burned  trials 
and  heated  it  to  about  cone  010,  then  gave  it  violent  smok- 
ing treatment  and  closed  it  up.  Some  pieces  that  I  drew 
out  red  hot  were  a  nic*e  green  when  they  were  first  pulled 
out  and  when  cool  went  back  to  brown  again,  though  not 
exactly  the  same  shade  of  brown  as  before. 

Mr.  Humphrey'.  The  variation  in  color  seems  to  be 
due  to  variation  in  length  of  burning  rather  than  variation 
in  length  of  cooling.  In  a  long  burn  it  will  be  a  distinct 
brown,  but  in  a  short  burn  it  will  not  be,  no  matter  how 
quickly  it  is  cooled.  I  have  also  flashed  it,  but  did  not 
change  the  color  materially. 


NOTE  ON  FLINT  BLOCKS  vs.  WOODEN  BLOCKS 

FOR  CYLINDER  LININGS. 

BY 

II.  E.  Ashley,  Newell,  W.  Va. 

Flint  blocks  are  rapidly  taking  the  place  of  wooden 
blocks  as  a  lining  for  cylinders  for  grinding  "flint"  and 
"spar"  for  pottery  purposes,  so  that  a  note  oii  the  relative 
eflSciency  of  the  two  linings  will  be  of  interest. 

The  Potters'  Mining  and  Milling  Co.,  of  East  Liver- 
pool, made  the  change  some  time  ago.  Previous  to  that 
time  they  had  been  getting  with  a  six  hour  gi'ind  a  product 
(ground  quartz  sand)  with  about  two  per  cent,  matter  that 
would  not  go  through  a  No.  13XX  silk  lawn  (50^4  meshes 
per  linear  centimeter,  128  meshes  per  linear  inch). 

After  the  change,  a  test  was  made  to  determine  how 
long  a  grind,  with  all  other  conditions  the  same,  was  re- 
quired to  get  a  product  of  the  same  fineness.  Samples  were 
taken  at  the  end  of  successive  hours,  and  the  portions 
weighed  that  were  retained  on  brass  selves  of  7.9  msehes 
and  31.5  meshes  per  linear  centimeter  (20  and  80  meshes 
per  linear  inch)  and  on  No.  13XX  silk  lawn.  The  results 
are  given  in  the  following  table: 


Duration  of 
Grinding. 

RETAINED  ON 

7.9  Mesb«8  per  Cen. 
20  Me8b««  per  Inch. 

31.5  Meshes  per  Cen. 
80  Meshes  per  Inch. 

2.66  per  cent. 
.02        *' 
.20        ** 
.02 

Unground  sand. 

50.4  Meshes  per  Cen. 
No.  nXX  Silk  Uwn. 

3  hours. 

4  **• 

5  *' 

6  ** 

.06  per  cent. 

.73 
.25 
.73 

Accidental  matters, 
fraffments  of  flint, 
pebbles,  etc. 

6.21  per  cent. 
1.82 

.48 

.14 

Nature  of 
Residue. 

Coarse  ground  sand. 
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The  figures  show  that  the  same  results  were  obtained 
in  four  hours  by  using  the  flint  lining  that  had  previously 
been  obtained  in  six  hours  with  the  wood  lining. 

The  test  was  conducted  by  the  superintendent,  Mr. 
John  Arnold,  now  deceased,  the  sifting  and  lawning  w^^ 
done  by  the  writer,  and  the  results  are  now  communicated 
by  permission  of  the  president,  Mr.  Joseph  G.  T^^e. 


MEMORANDA  ON  CRUSHING  STRENGTH  OF 

TERRA  COTTA^ 

BY 

R.  F.  Grady,  St.  Louis,  Mo. 

The  terra  cotta  cubes  used  in  the  following  compres- 
sion tests  were  made  by  the  St.  Louis  Terra  Cotta  Co. 

In  making  these  piec*es  three  mixtures  of  t-lay  were 
used,  designated  in  the  tables  as  '*L.B.,"  "3C"  and  "R" 
prepared  as  follows: 


u 


8  parts  local  buff  clay 
LB"    2  parts  Indiana  buff  clay      All  thru  No.  16  screen 

4  parts  grit 

5  parts  local  buff  clay 

"3C"     5  parts  Indiana  clay  All  thru  No.  16  screen 

41/4  parts  grit 

2%  parts  local  buff  clay 
"R"       4  parts  local  shale  All  thru  No.  16  scrcn^i 

5%  parts  grit 

The  cubes  were  pressed  in  plaster  moulds  and  no  fin- 
ishing done  more  than  nei*essary  to  remove  the  seams. 
Samples  "LB"  and  "3C"  were  fireil  to  cone  4  while  samples 
marked  "R"  were  fired  to  cone  02. 

Table  No.  1  shows  results  of  tests  of  12  cubes  each  of 
the  three  mixtures,  one  half  of  the  test  pieces  l)eing  2" 
cubes  and  one  half  4"  cubes.  These  pieces  were  broken 
without  any  special  preparation  except  as  noted  where 
plaster  or  cement  caps  were  used.  The  results  shown  in 
this  table  do  not  indicate  that  artificial  caps  increase  the 
crushing  strength  of  the  pieces. 

Table  No.  2  shows  the  results  of  breaking  six  each  of 
the  2"  cubes  of  pieces  "LB,"  "3C'"  and  "R."  In  composition 
and  method  of  manufacture  these  pieces  are  identical  with 
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those  of  Table  No.  1,  the  only  difference  being  tliat  two 
opposite  faces  on  these  blocks^  were  rubbed  smooth  ^  and 
approximately  i>arallel.  These  smooth  faces  came  into 
contact  with  the  crushing  plates  with  no  artificial  capping. 

Comparing  the  averages  of  Tables  1  and  2  it  appears 
that  gi-inding  the  bearing  surfaces  increases  the  crushing 
strength  materially. 

The  breaking  tests  on  these  blocks  were  made  in  tlie 
St.  Louis  Water  Department  Testing  Laboratory  under 
the  direction  of  Mr.  E.  E.  Wall,  Asst.  Water  Commissioner. 


CRUSHING  TESTS  OF  TERRA  COTTA. 

TABLE  No.  I. 


R.  F.  Grady 


..T        %M    %.       Size  of 
No.,    Mark.        ^^^ 


I 

LB. 

2 

LB. 

3 

LB. 

4 

LB. 

5 

LB. 

6 

LB. 

/ 

LB. 

8 

LB. 

9 

LB. 

10 

LB. 

II 

LB. 

12 

LB. 

I 

3C. 

2 

3C. 

3 

3C. 

4 

3C. 

5 

3C. 

6 

3C. 

7 

3C. 

8 

3C. 

9 

3C. 

10 

3C. 

II 

^c. 

12 

^c. 

I 

R. 

2 
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DISCUSSION. 


The  Chair:  I  think  this  question  of  the  sti*ength  of 
terra  cotta  is  an  important  one  and  is  being  constantly 
brought  up  by  engineers.  In  these  days  of  concrete  con- 
struction, it  seems  appropriate  that  work  be  done  along 
this  line.  I  will  ask  Mr.  Grady  if  he  ever  had  tests  made 
upon  the  finished  blocks  of  his  terra  cotta;  and  whether 
or  not  the  crushing  strength  of  the  Irnished  block  is  pro- 
portional with  the  crushing  strength  of  his  eubes?  Whether 
any  weaknesses  developed  in  the  finished  blocks  which  did 
not  show  in  the  cubes? 

Mr,  Grady:  I  never  made  any  tests  except  in  that 
form.  That  question  came  up  very  recently  or  I  should 
have  presented  some  tests  along  that  line.  I  think  it  is 
very  essential,  as  it  is  really  the  condition  in  whi(*h  the 
terra  cotta  is  brought  into  service  that  we  want  to  know 
about.  I  have  planned  to  make  some  tests  along  that  line 
and  hope  to  present  them  later  on.  It  is  only  rarely  that 
architects  specify  the  crushing  strength  to  which  terra 
cotta  must  be  subjected.  We  recently  had  occasion  to 
figure  on  a  job  in  which  the  specifications  called  for  a 
crushing  strength  of  six  thousand  pounds  to  the  square 
im*h.  I  did  not  know  whether  we  could  figure  on  it  intel- 
ligently or  not. 

Mr.  Stull :  I  will  ask  whether  vou  used  anvthing  to 
represent  the  mortar  joint,  or  whether  the  piece  was  in 
contact  with  the  crushing  plate? 

Mr,  Gradi/:  In  the  tests  shown  on  sheet  number  two, 
which  I  am  sorry  I  cannot  show  you,  in  which  the  crushing 
strength  runs  considerably  higher,  the  pieces  were  brought 
into  dire(*t  contact  with  the  iron  plates.  On  the  other  sheet 
the  tests  shown  were  made  without  polishing  the  pieces. 
Some  of  them  were  capped  with  Portland  cement  caps  and 
some  with  plaster.  From  these  experiments  I  find  it  does 
not  increase  the  strength  of  the  piece  any,  and,  theoreti- 
cally, I  believe  it  should  diminish  it. 

Mr,  Stull :  I  have  tested  some  enameled  brick,  but  I  do 
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not  know  that  any  standard  for  testing  has  been  estab- 
lished. The  method  I  used  was  to  place  a;^  Jialf  inch  pine 
board  above  and  below.  I  tested  a  solid  brick  -which  gave 
a  crushing  strength  on  the  flat,  not  to  the  square  inch,  of 
120  tons.  We  tested  bri<!k  cored  out  with  three  holes  which 
ran  something  like  20  tons  on  the  flat.  Our  drier  was  not 
large  enough  and  we  decided  to  core  out  more  holes  to 
decrease  the  time  of  drying.  We  cored  out  brick  with 
eleven  holes  and  I  was  skeptical  as  to  its  strength,  but  in 
the  hydraulic  press  it  showed  44  tons  on  the  flat.  We  de- 
cided there  was  a  suflficien't  factor  of  safety  in  this  figure. 


ON  THE  DEGREE  OF  SUBDIVISION  OF  MATERIALS 
IN  USE  IN  THE  CERAMIC  INDUSTRY. 

By 
Cliffobi)  Richardson,  New  York  Citr,  New  York. 

111  the  course  of  extensive  studies  on  the  relation  of 
the  degree  of  subdivision  of  materials  used  in  the  produc- 
tion of  Portland  cement  clinker,  I  have  sho«\'n  that  this 
has  a  most  important  influence  on  the  character  of  the 
clinker  and  of  the  Portland  (*ement  which  is  produced  from 
it.  It  at  once  occurred  to  me  that  the  same  thing  might 
have  a  very  decided  influence  on  the  character  of  porcelain 
bodies,  and,  with  this  in  view,  I  had  a  large  number  of  thin 
sections  made  for  microscopic  study,  of  such  porcelains 
as  are  available  in  our  local  markets.  It  was  at  once  verv 
evident  that  the  raw  materials  of  which  these  were  com- 
posed were  so  coarse  as  to  prevent  any  thorough  diffusion 
between  the  different  components  in  the  time  during 
which,  and  at  the  temperature  at  which  they  were  burned, 
and  at  which  they  retain  their  original  moulded  shape. 

With  a  view  of  determining  what  the  degree  of  sub- 
division of  these  raw  m-aterials  is  as  they  are  used  in  the 
(*eramic  industry,  a  collection  w^s  made  of  various  flints, 
spars  and  clays  available  in  the  market.  In  making  such  a 
determination,  sieves  and  bolting  cloths  are  useless,  as 
none  of  them  will  serve  to. separate  the  different  particles 
of  a  diameter  less  than  .06  mm.  In  order  to  differentiate 
such  particles  which  form  the  preponderating  mass  of 
ground  flint,  spar  and  clay,  it  is  necessary  to  take  advan- 
tage of  the  fact  that  the  finer  a  particle  of  mineral  matter 
is,  the  longer  will  it  remain  suspended  in  water.  In  this 
way,  by  what  is  known  as  elutriation,  the  particles  of  flint, 
spar  and  clay  can  be  separated  into  those  which  remain 
suspended  in  water  for  various  periods,  15  seconds,  30 
seconds,  and  so  on.     As  the  quantity  which  will  remain 
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suspended  in  a  definite  time  will  vary  with  the  purity  and 
temperature  of  the  water,  and  with  the  manner  in  which 
the  material  has  been  put  in  suspension,  some  definite  con- 
ditions for  taking  the  separation  of  the  particles  into  dif- 
ferent sizes  in  this  way  must  be  agreed  upon.  Such  condi- 
tions were  first  fixed  by  Mr.  Alen  Hazen  in  the  24th  Annual 
Report  of  the  Massachusetts  State  Board  of  Health  for 
1892,  and  mav  be  described  as  follows : 

Five  grams  of  the  material  to  be  examined  are  placed 
in  a  beaker  about  120  mm.  high,  holding  about  600  cc.  The 
beaker  is  nearly  filled  with  distilled  water  at  a  temperature 
of  exactly  68°  F.  The  water  is  then  agitated  with  an  air 
blast  through  a  small  opening  in  a  glass  tube  until  the 
powder  and  water  are  thoroughly  mixed,  taking  care,  by 
moving  the  glass  tube  from  side  to  side,  not  to  produce  a 
cvclonic  motion  in  the  latter.  The  blast  of  air  is  then 
stopped  and  the  liquid  allowed  to  stand  for  exactly  15  sec- 
onds, when  the  water  above  the  sediment  is  decanted  from 
it  without  pouring  oflf  any  of  the  latter.  This  washing  is 
repeated  three  times.  The  sediment  is  then  washed  out 
into  a  dish,  dried  and  weighed.  The  operation  can  be 
repeated  with  a  new  quantity  of  material,  extending  the 
time  for  sedimentation  to  30  seconds,  and,  in  the  same 
way,  for  longer  periods. 

In  this  way,  the  flints,  spars,  and  clays  which  were 
at  hand  were  examined,  with  the  results  given  in  the  fol- 
lowing table: 
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DEGREE  OK  SUB-DIVISION  OF  MATERIALS  IN   USE  IN  THE 

CERAMIC    INDUSTRY. 


Test  No. 


94186 

94437 
94337 
94338 
94414 
94731 
94732 


94187 
94188 

94436 
94339 
94583 
94415 

94190 

94191 
94192 


94194 
94195 
94413 


94196 

94197 
94198 

94199 
94200 

94201 


IDENTIFICATION. 


FLINT. 

Flint — Trenton    

Flint — Trenton    

Flint — Baltimore    

Flint — Trentcn    

Flint — Chicago    

Flint — Illinois,  No.  15 

Flint — Illinois,  No.  40 

SPAR. 

Spar — Baltimore    

Spar — Trenton    

Spar — Trenton    

Spar — Trenton    

Spar — Pennsylvania    

Spar — Chicago    

KAOLIN. 

Kaolin — Florida    

Kaolin — Georgia    

Kaolin — Missouri    

ENGLISH  CLAY. 

China  Clay — English    

China  Clay — Hockessin    

China  Clay    

BALL  CLAY. 

Ball  Clay—English    

Ball  Clay— May  field    

Ball  Clay — New  Jersey  

Ball  Clay — Tennessee,  No.  i . . 
Ball  Clay — Tennessee,  No.  2.. 
Ball  Gay — Tennessee,  No.  3.. 


Residue  on 

200  Meih 

Screen. 


0.8% 

1.5% 
.6% 

.1% 

.1% 

2.1% 


8.4% 
0.4% 
0.9% 

0.5% 
2.8% 


SEITLED  An'ER 


0.5% 

1.4% 

12.6*^ 


% 


5.6% 
3.0% 
3.0% 


1.5% 
7.5% 

Trace 

0.2% 

o.97o 

2.2% 


15  Sec. 


20.8% 

13.7% 
9.1% 
7.L% 

3-4% 
16.4% 

.2% 


23.8% 

10.1% 

6.2% 

10.3% 

4.8% 

3.4% 

2.5% 
3.2% 

3.3% 


0.1% 
1.6% 
1.6% 


6.2% 
0.6% 
i.67o 
6.9% 

4.7% 
2.5% 


30  Sec. 


15.0% 
8.2% 
6.1% 

6.6% 
4.0% 
8.9% 

.2% 


18.3% 
13.1% 

6.2% 

7.0% 

3.0% 

5.6% 
3.2% 
3.5% 


0.2% 

2.7% 
4.2% 


2.2% 
0.2% 
2.2% 

5.9% 
6.3^0 

1.5% 


NU 
Senled. 


63.4% 
74.7% 
83.3% 
85.7% 
92.5% 
74.6% 

97.5% 


49.5% 
76.4% 

89.4% 

79-8% 

87.7% 
90.8% 

91.4% 
92.2% 

80.6% 


94.1% 
92.7% 
91.2% 


90.1% 
91.7% 
96.2% 
87.0% 
88.1% 
93.8% 


♦Sand. 


The  preceiliii<2:  data  are  of  interest  as  showing  that 
while  in  nearly  every  case  the  Hints,  spars  and  clays  are  so 
fine  as  to  practically  all  pass  the  finest  sieve,  they  differ 
to  a  very  decided  degree  in  the  amounts  whi(*h  are  so  fine 
as  to  remain  suspended  for  more  than  30  seconds.  In  the 
case  of  the  ground  fiints,  the  particles  of  this  latter  size 
were  found  to  vary  from  63.4  to  97.4  per  cent,  of  the  entire 
powder,  and  in  the  case  of  the  spars,  from  49.5  to  90.8. 
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Such  a  difference  in  the  dejjree  of  sub-division  must  have 
a  very  decided  influence  upon  the  character  of  the  porce- 
lain bodies  of  which  they  are  components.  The  difference 
in  the  degree  of  sub-division  in  the  clays  is  not  as  large,  as 
these  substances  are  made  up  of  extremely  fine  particles 
producd  in  nature  by  the  disintegration  of  rock,  rather 
than  by  artificial  grinding.  There  are,  however,  diff(»renc(^ 
of  as  much  as  16  per  cent,  in  this  respect,  and  it  is  one 
which  must  be  taken  into  consideraticm. 

The  cohesion  and  strength  of  all  ceramic  articles  after 
burning  must  be  attributed  to  what  would  be  designated 
the  '^sintering''  together  of  the  components.  It  is  interest- 
ing for  the  moment  to  consider  what  this  sintering  is. 
From  the  point  of  view  of  the  physical  chemist,  it  is  the 
diffusion  of  the  material  of  which  two  particles  are  com- 
posed into  each  other  at  the  point  of  contact,  at  a  temper- 
ature below  the  point  of  fusion.  If  two  gases  are  brought 
together,  they  diffuse  into  each  other  with  great  rapidity. 
If  two  liquids  are  poured  one  upon  the  other  in  hiyer^) 
without  mixing,  they  diffuse  more  slowly.  If  solids  are 
brought  into  contact,  it  would  be  naturally  assumed  tliat 
diffusion  would  cease.  Experiments  of  Roberts- Austen 
have  shown  that  molecular  mobility  in  solids  exists,  since 
when  carefully  polished  surfaces  of  gold  and  lead  are 
brought  into  contact  and  left  under  pressure  for  some 
months,  at  the  ordinary  temperatures,  gold  is  diffused  into 
the  lead  and  the  lead  into  the  gold  for  an  appreciable  dis- 
tance. Mixtures  of  the  components  which  would  produce 
a  fusible  Wood  metal  when  subjected  to  pressure  at  ordi- 
nary temperatures,  become  converted  into  this  alloy.  An- 
liydrous  sulphate  of  soda  and  cambonate  of  barium  also 
diffuse  when  brought  into  close  contact  with  the  formation 
of  Imrium  sulphate  and  carbonate  of  soda. 

It  is  not  difficult  to  understand,  therefore,  how  at  the 
temperature  at  which  the  porcelain  wares  are  burne<l,  the 
materials  of  which  the  flint,  spar  and  clay  are  comj>osed 
may  diffuse  to  such  an  extent  as  to  result  in  an  adequate 
cohesion  on  cooling.    This  is  known  as  sintering.    The  dif- 
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fusion  is,  of  course,  a  partial  oue,  and  not  complete,  as  in 
the  case  of  Portland  cement  clinker,  which  occurs  at  a 
much  higher  temperature.  The  diffusion  on  fusion,  of 
course,  would  be  more  rapid,  but  this  would  not  be  permis- 
sable  in  the  ceramic  industry.  Under  such  conditions, 
glass  would  be  produced,  which  is  a  type  of  solid  solution. 

The  homogeneity  of  a  porcelain  body,  its  fineness  and 
general  characteristics,  will,  of  course,  depend  to  a  very 
considerable  degree,  on  the  extent  to  which  diffusion  has 
taken  place.  From  the  point  of  view  of  the  physical  chem- 
ist, this  is  dependent  upon  the  area  of  the  surface  of  the 
different  constituents  which  come  into  contact,  as  shown 
by  Pick's  law. 

From  a  studj-  of  salt  solutions  of  different  degrees  of 
concentration,  Fick  determined  that  the  amount  of  salt 
which  diffuses  through  a  given  cross-section  is  proportional 
to  the  difference  in  concentration  of  two  cross-sections  ly- 
ing indefinitely  near  to  each  other,  or  is  proportional  to  the 
difference  in  cross-section.  From  this  law,  it  will  be  seen 
that  the  fineness  of  the  raw  materials  entering  into  the 
composition  of  a  porcelain  body  will  have  a  striking  influ- 
ence on  its  character  after  burning,  as  the  area  of  the 
surface  of  the  particles  which  come  into  contact  will  be 
dependent  thereon.  Some  jireliminarv  experiments  made 
on  the  production  of  porcelain  bodies  from  those  portions 
of  the  flint,  spar  and  clay  which  remain  suspended  in  water 
for  more  than  30  seconds,  showed  that  this  reasoning  was 
correct,  as  much  finer  bodies  were  obtained.  It  is  quite 
possible  that  porcelain  bodies  prepared  in  this  way,  aside 
from  their  improved  appearance,  may  show  a  decided  im- 
provement in  their  physical  characteristics,  especially  in 
brittleness.  Experiments  carried  out  in  this  direction  will 
be  of  the  greatest  interest.  An  examination  of  a  large 
number  of  thin  sections  of  porcelain  collected  in  the  local 
markets,  and  manufactured  in  England,  France,  Germany, 
and  the  United  States,  showed  the  greatest  difference  in 
structure  under  the  microscope;  and  this  structure  was 
apparently  largely  due  to  differences  in  the  d^ree  of  fine- 
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ni*ss  of  the  conipoiieiits  of  which  these  bodies  were  made. 
In  many  of  them,  particles  of  spar  which  had  not  lost  their 
crystalline  form  or  optical  activity  were  visible,  while  in 
others,  a  more  or  less  complete  diffusion  was  evident. 

The  preceding  data  are  presented  with  ariew  of  point- 
ing out  a  line  of  study  which  may  oflPer  results  of  consider- 
able interest  to  ceramists. 


A.  r,     —10 


NOTE  ON  DRYING  OF  CLAYS- 

BY 

Edwin  F.  Lines,  Champaign,  Illinois. 

(The  experiment  described  below  was  made  at  the 
suggestion  of  Professor  A.  V.  Bleininger,  of  the  School  of 
Ceramics,  University  of  Illinois,  to  whom  the  author  is 
indebted  for  advice  as  to  method  of  operation  and  presen- 
tation of  results. ) 

In  order  to  throw,  if  jjossible,  some  new  light  on  the 
phenomena  of  drying,  the  writer  made  a  careful  record  of 
the  periodic  changes  which  take  place  during  the  drying 
of  several  types  of  clays.  The  types  selected  were  shale. 
No.  2  fire  clay,  and  glacial  clay. 

The  experiment  was  carried  out  briefly  as  follows: 
Each  of  the  samples,  with  the  exception  of  one  of  the  No.  2 
fire  clays,  which  had  been  A\iashed  before  it  reached  the 
laboratory,  was  sifted  through  a  12  mesh  screen  and  mixed 
with  enough  water  to  make  it  work  easily.  After  ea(*h 
sample  had  been  thoroughly  wedged  it  was  pi*essed  in 
plaster  moulds  into  two  spheres  6  and  7  centimeters  in 
diameter.  The  spheres  were  then  placed  in  a  damp  closet 
over  night  so  as  to  establish  (conditions  of  equilibrium. 
They  were  then  dried  in  a  gas-heated  laboratory  drying 
oven,  the  temperature  of  which  was  kept  constant  by  means 
of  a  mercury  thermostat.  The  progress  of  the  drying  was 
recorded  from  half-hourly  weighings  and  measurements. 
The  measurements  were  made  with  vernier  calipers  reading 
to  .1  mm.,  and  the  diameter  of  the  sphere  determined  from 
the  average  of  four  measurements  taken  upon  axes  fixed  by 
marks  on  the  surface. 

It  was  originally  planned  to  carry  on  the  whole  of  the 
drying  at  a  temperature  of  60^  Centigrade,  as  this  would 
produce  fairly  rapid  evaporation  without  causing  a  dis 
rupting  pressure  from  steam.  This  temperature,  while  it 
gave  very  satisfactory  results  during  the  early  pnrt  of  the 
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dryinji:,  became  too  slow  during  the  latter  part.  This  plan 
was  abandoned,  therefore,  and  a  temperature  of  60^  was 
maintained  only  until  weights  began  to  be  constant  and 
then  it  wrs  raised  to  120°,  where  it  was  held  until  weights 
again  became  constant.  At  this  point  a  final  raise  to  200 "* 
maintained  for  one  hour  was  deemed  suftieient  to  remove 
all  pore  water.  In  the  whole  series  only  one  clay  gave 
trouble  in  drying.  A  crack  about  2  cm.  in  length  developed 
in  one  of  the  large  spheres  of  washed  No.  2  fire  clay. 

When  the  drying  experiments  had  been  completed, 
portions  of  the  shale,  washed  No.  2  fire  clay  and  glacial 
clay  used  in  spheres  9  to  14,  were  mechanically  sepai^ated. 
The  method  pursued  was  as  follows :  Fifty  grams  of  each 
material  were  placed  in  i^  V^^^  j^^s  of  water,  to  which  .i 
little  ammonia  was  added  to  break  up  flocculations  of  fine 
clay  particlies,  and  allowed  to  slake  two  days,  during  which 
time  the  clays  were  occasionally  given  a  vigorous  shaking 
by  hand.  After  boiling  one  hour  the  materials  were  washed 
through  20,  60,  100,  150,  and  200  mesh  sieves,  after  which 
one  further  separation  was  made  by  removing,  by  means 
of  a  syphon,  all  clay  particles  which  did  not  settle  in  one 
minute. 

Some  of  the  drying  phenomena  of  spheres  Nos.  9  to  14 
are  shown  bv  means  of  curves  on  Plates  T  to  VI.  The 
shrinkage  is  given  by  per(*entage  in  terms  of  the  dry  dianuv 
ter  while  the  loss  of  water  is  shown  in  two  aspects;  first, 
percent  loss  in  terms  of  the  dry  weight,  and  second,  by 
hourly  loss  in  grams  per  square  centimeter  of  surface.  The 
surface  was  calculated  from  the  average  diameter  for  each 
hour. 

An  examination  of  the  curves  reveals,  as  is  to  be 
expected,  a  longer  period  of  shrinkage  for  the  large  spheres 
than  the  small  ones,  but  it  is  to  be  noted  that  the  period  of 
maximum  shrinkage  is  the  same  for  both  sizes,  viz.:  two 
hours  for  the  shale,  3^2  hours  for  the  washed  fire  clay  and 
6  hours  for  the  glacial  clay.  The  curve  showing  percent 
loss  of  water  affords  an  opportunity  of  comparing  the 
relation  of  shrinkage  to  evaporation.     The  variation   of 
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the  latter  is  gi'eatly  emphasized  by  the  curve  illustrating 
the  loss  of  water  in  grams  per  square  centimeter  of  surface. 
It  may  be  noted,  however,  that  in  spheres  9  and  10  the 
average  rate  of  loss  during  the  first  five  hours,  a  period  of 
maximum  evaporation,  is  .052  grams  each,  and  for  spheres 
11  and  12  it  is  .049  and  0.048  grams.  This  coneistency  is 
lacking  in  spheres  13  and  14  where  the  average  rates  for 
the  same  period  are  .057  and  .049  grams. 

Some  of  the  earlier  experiments  seemed  to  indicate 
that  there  was  a  relationship  between  shrinkai*:e  and  rate 
of  loss  of  water,  but  the  later  ones  do  not  bear  it  out.  The 
period  of  maximum  evaporation  seems  to  be  largely  inde- 
pendent both  of  shrinkage  and  size  of  sphere.  While  there 
is  considerable  differen(*e  in  the  total  shrinkage,  time  re- 
quired for  same  and  total  loss  of  water  in  spheres  10,  13 
and  14,  the  period  of  maximum  evaporation  is  five  hours 
in  each  case. 

Another  lack  of  connection  is  between  the  shrinkage 
and  amount  of  pore  water.  While  the  percent  shrinkage 
of  shale,  fire  clay  and  glacial  clay  is  roughly  in  the  ratio 
3:6:9,  the  percentages  of  pore  water  are  11, 10  and  12. 
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Some  of  the  data  from  the  whole  series  of  drying 
experiments  are  given  for  comparison  in  the  table  below : 


TABLE  OF  DRYING  DATA. 


1 

Number  of  Sphere 

1 

1 

1  Hours  required  to 
complete  shrink- 
age at  60*  C. 

1  . 

'Percent,  of  Lin- 
ear Shrinkage. 

1 
t Percent,  of  Wa- 
ter Remaining  at' 
End  of  Shrink- 
age. 

i 

1  Percent,  of  Wa- 
ter l^oBtat  120" 
C. 

1  tPfrccni.  of  Wa- 
ter Lost  at  200° 

I 

2 

1 
4 
3K2 

4.0 
3.4 

23.5 
22.9 

13.3 
II. 2 

a 
a 

a 

a 

3 
4 

354 

3 

4.0 
3.2 

22.7 
21.6 

14.5 
13.0 

a 
a 

a 
a 

5 
6 

454 
3 

4.5 
4.5 

20.3 
19.8 

II. 0 
II.9        ^ 

a 
a 

a 

a 

7 
8 

4 

5.0 

20.7 
20.6 

8.7 
10.9 

a 
a 

a 
a 

9 

ID 

5/2 

5.6 
5.8 

23.1 

23.0 

9.9 
10. 1 

1.8 
1.2 

0.5 

0.5 

11  , 
12' 

6/2 

8.9 

32.1 
31.7 

II. 2 
12.7 

3.5 
2.2 

0.6 

I.O 

1^ 

ZV2 

3 

2.9 
2.9 

19.6 

19.3 

10.4 

II. 6 

Si 

0.2 
0.2 

Nos.  1,  2  Shale  from  Galesburg,  Illinois. 

Nos.  3,  4,  13,  14  Shale  from  Streator,  Illinois. 

Nos.  5,  6,  9, 10  washed  No.  2  fire  clay  from  Colchester, 
Illinois. 

Nos.  7,  8  unwashed  No.  2  fire  clay  from  Monmouth, 
Illinois. 

Nos.  11,  12  Glacial  clay  from  Urbana,  Illinois. 

Odd  numbers  refer  to  large  spheres  and  even  numbers 
to  small  ones. 


*In  terms  of  dry  diameter  of  sphere, 
tin  terms  of  dry  weight  of  clay. 
■Not  dried  at  120**  and  200**. 
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On  averaging  the  percentages  of  loss  of  water  and 
expressing  them  in  terms  of  the  dry  weight  of  the  clay,  we 
obtain  the  following  figures: 


AVERAGES  OF  DRYIXG  DATA. 


CLAY 


Toul  per  cent 

of  loM  of 

Water 


Strcator  Shale   

Galesburg   Shale    

Washed  Xo.  2  Fire  Clay 

Unwashed  Xo.  2  Fire  Clay...; 
Glacial   Clav    


20.8 
23.2 

21.5 
20.6 

32.4 


Per  cent  of 

Shrinkage 

Water 


8.4 
10.9 

10.8 
10.8 
20.4 


Per  cent 

of 

Pore  Water 


12.4 
12.3 
10.7 
9.8 
12.0 


Per  cent  of 
Water  Lost 

after  reachins 
coMatant 

weight  at  ( 0* 


0 

■7 

0 

.6 

2 

.0 

2 

6 

3 

2 

In  the  above  table  the  clays  are  placed  in  the  order  of 
rapidity  in  drying,  the  Streator  shale  being  the  most  rapid 
and  the  glacial  clay  the  slowest.  AVhile  the  figures  indicate 
consistent  relations  between  amount  of  water  and  time  of 
drying  in  the  extreme  t^^)es,  they  fail  to  show  the  same 
relationship  for  the  clays  having  more  nearly  the  same 
water  content. 

A  further  relation  between  the  different  types  of  clays 
is  brought  out  in  the  following  tal)le  of  sizes  of  grain : 


TABLE  SHOWIXG  RESULTS   OF   MECHAXICAL  SEPARATIOX 


MATERIAL 


20- 
Mesh 


Shale    (Streator)    1.8 

Washed  F'ir^  Clay i  0.0 

Glacial  Clav   ^  0.6 


Residue  Left  on  Screens 


60- 
Mesh 


5-2 

0.7 ' 


too- 

Mesh 


7^:^ 


,   1-4 
I  4.4 


Residue  ,  Remain- 

1  minute  ,    der  by 
150-         200-     I  Settling     Differ- 
Mesh       Mesh  !  ence 


4.6 

3.0 

16.8 

2.1 

1.5 

12.3 

2.9 

1 

0.9 

16. 1 

65.1 
82.0 
67.8 


In  comparing  this  table  with  the  table  of  averages 
given  above  it  will  be  noted  that  the  relation  between  size 
of  grain  and  per  cent  of  pore  water  is  not  established  until 
tlu*  200  mesh  screen  is  reached.     The  amount  of  material 
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passiu«»;  tlie  200  iiiesli  screen  is  greatest  wliere  the  percent- 
age of  pore  water  is  lowest  and  least  where  tlic^  percentage 
of  pore  water  is  highest.  The  subtraction  of  the  residue 
by  one  minute  settling  does  not  alter  this  relationship. 

The  facts  set  forth  in  the  curves  and  tablets  aciompan.v- 
ing  this  paper  are  suggestive  rather  than  convincing.  The 
data  are  not  numerous  enough  to  justify  empirical  state- 
ments, but  are  placed  on  record  to  be  of  sucli  service  for 
comparison  as  opportunity  offers. 

DLSCUSSIOX. 

Mr.  Parmrlcc:  I  think  the  form  of  the  trial  piece  is 
worthy  of  note,  since  the  sphere  is  a  much  more  rational 
sliape  than  any  other.  It  seems  to  me  the  sphere  would  be 
the  most  useful  shape  to  use  in  the  determination  of  specific 
gi'avity  of  clays.  I  -will  ask  the  chair  whether  he  evea*  (*oni- 
l>ared  the  sphere  with  any  other  sliape  in  regard  to  that 
condition? 

The  Chair:     I  have  made  no  such  comparisons. 

Mr,  Parmclcc:  In  weighing  a  soaked  i)iece,  the  sur- 
face exposed  would  be  far  less  in  a  sphere  than  any  other 
shape.  I  was  curious  to  know  whether  you  had  compared 
two  shapes  and  found  any  difference  as  to  exposure  to  the 
atmosphere. 


THE  FUNCTION  OF  BORON  IN  THE 
GLAZE  FORMULA* 

BY 

Charles  F.  Binns. 

Some  eight  years  ago  the  writer  conducted  an  inves- 
tigation upon  the  constitution  of  raw  lead  glazes  and 
showed  that  the  most  satisfactory  relationship  of  base  to 
acid  was  as  one  to  two  on  tiie  oxj^gen  ratio,  the  resulting 
glazes  being  molecular  monosilicates.  Following  upon  this 
a  general  agreement  was  arrived  at  by  which  the  acidity 
of  all  glazes  was  computed  as  to  the  oxygen  content,  so  that 
the  glazes  referred  to  became  known  as  bisilicates.  At  the 
close  of  the  paper  upon  this  subject  the  following  remark 
was  made :  ^*So  far  as  we  have  gone  the  monosilicate  ratio 
cannot  be  departed  from  in  raw  lead  glazes  *  *  *  it  is 
certain  that  the  introduction  of  boric  acid  will  demand  a 
new  set  of  conditions." 

These  words  were  criticised  at  the  time  witli  the  state- 
ment that  if  boric  glazes  did  not  conform  to  the  rule  ex- 
pressed, it  Avould  throw  considerable  doubt  upon  the  ac- 
curacy of  ceramic  science.  This  criticism  is  reasonable 
because  there  is  nothing  to  show  that  the  laws  of  chemical 
combination  are  violated,  wliatever  substances  are  brought 
into  union  with  each  other. 

Not  very  much  work  has  hitherto  been  done  upon  the 
function  of  l)oron  itself.  Seger  considers  it  acidic  in 
behavior,  and  says  that  it  behaves  in  a  manner  similar  to 
silica,  except  as  to  the  point  of  fusion. 

Messrs.  Purdy  and  Fox,  in  the  paper  upon  fritted 
glazes  published  last  year,  contradict  this,  stating  that  the 
function  of  boric  compounds  is  rather  to  counteract  devitri- 
fication, and  that  the  coefficient  of  expansion  of  a  glaze  is 
increaseil  rather  than  diminished  by  their  use. 

Several  ceramists  when  working  upon  fritted  glazes 
have  been  struck  by  the  fact  that  so  far  from  boric  acid 
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replacing  silica,  the  introduction  of  this  ingredient  has 
necessitated  an  increase  of  the  silica  content.  For  instance, 
a  normal  raw  glaze  may  correspond  to  the  formula 

RO,  .2AU0»,  i.6Si02 

If  now,  .3  B2O3  be  added  to  the  acid  content,  it  is  found 
in  practice  that  the  silica  must  be  increased  to  2.5,  pro- 
ducing the  following  as  a  normal  fritle<l  glaze : 

RO,  .2Al,0a,  2.sSi02 

0:3  B.O3 

It  will  at  once  be  seen  that  the  oxygen  ratio  of  this 
glaze  is  no  longer  1 :  2  but  has  risen  to  1 : 3.7.  No  one  has 
attempted  to  explain  this  discrepancy,  but  about  eighteen 
months  ago  Mr.  Paul  E.  Oox,  a  graduate  of  the  New  York 
School  of  Ceramics  exclaimed  to  the  writer,  "Boron  is 
l)asic  I- •  (treat  is  the  value  of  imagination !  The  professor 
had,  for  the  want  of  a  touch  of  this  saving  grace,  been 
floundering  in  a  morass  of  doubt.  The  student  came  to  the 
rescue^  and  witli  a  word  established  what  appears  to  be  a 
solid  foundation. 

The  first  thought  was  that  BgO^  fc^hould  be  considered 
as  BO,  and  placed  in  the  RO  column  with  an  equivalent 
weight  of  62.  After  a  few  trials  this  was  found  to  be  im- 
practicable, because  of  the  difficulty  of  making  room  in  the 
formula  for  the  necessary  amount  of  the  ingredient.  Bed- 
sides this  it  involved  the  hypothesis  of  a  borons  compound 
for  which  chemistry  at  present  affords  no  warrant. 

A  search  through  the  chemical  and  mineralogical 
authorities  gave  but  little  information.  The  mineral  da  to- 
lite  is  defined  by  Dana  as  a  silicate  of  boron  and  calcium, 
and  mention  of  the  sulphide  and  chloride  of  boron  is  made 
in  the  chemistry  books. 

It  was  noticed  that  from  it»  position  in  the  peri  oil  ic 
curve  and  from  its  valence,  boron  might  be  presumed  to  act 
like  aluminum,  functioning  as  a  base  with  strong  acids 
iind  as  an  acid  with  strong  bases.  This  would  place  Bj,0 ; 
in  the  ^2^r\  column  as  boron  sesquii>xide,  which  indeetl  is 
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the  accurate  cliemical  defiuition  of  the  aDhvdrous  sub- 
stance.  Now  if  the  formula  given  above  be  exainine.l  ii 
the  light  of  this  statement  it  will  be  found  that  the  glaze 
falls  into  line  as  a  bisilicate. 

RO,      ALO3   .2     SiOs  2.5       Oxygen  ratio  1:2 
n.(X  .3 

So  far  the  presumption  was  in  favor  of  this  solution, 
and  some  definite  svnthetioal  work  could  be  undertaken. 

The  first  question  was  as  to  whether  boron  sesquioxide 
j^ouhl  be  directlv  combined  with  silica.  A  mixture  was 
made  up  with  precipitated  silica  in  order  to  facilitate  the 
reaction.  The  formula  was  BsSigOj.  Fusion  of  the  mix 
at  cone  B  resulte:!  in  a  milk  white  ji^lass.  This  was  pul- 
verized and  submitted  to  the  prolonged  action  of  hot  dis- 
tilled water.  The  powder  was  almost  completely  hydro- 
lized.  Floeculent  silica  separated,  and  the  clear  filtrate 
was  fouml  to  contain  a  considerable  amount  of  silica  in 
solution.  The  evidence  was  that  boron  sesquioixde  could 
completely  dissolve  precipitated  silica,  but  there  was  no 
indisputable  evidence  of  combination. 

A  similar  mix  was  made  up  with  ground  quartz  and 
fused  at  cone  (J.  The  pulverized  fritt  was  more  easily 
attacked  by  water  than  that  made  with  precipitated  silica, 
but  after  long  heating  a  lai'ge  residue  of  powdered  glass 
was  found  which  resisted  all  aqueous  ai^tion.  This  was  not 
undissolveil  quartz  but  a  clear  amorphous  glass.  It  was 
then  determined  to  attack  the  problem  by  means  of  the 
phenomenon  of  combination  heiit. 

A  small  gas  muffle  was  fitted  with  a  clay-ware  door 
which  was  entered  by  a  long  open  tube.  The  tube  was  large 
enough  to  j>ermit  the  introduction  of  a  platinum  crucible  by 
m(^al^s  of  a  long  pair  of  tongs.  A  Fery  radiation  pyrometer 
was  focused  upim  the  opening,  and  the  furnace  was  brought 
to  constant  temperature  at  about  1206°r.  When  this  con- 
stant had  been  secured  an  empty  platinum  crucible  was 
quickly  introduced  and  it  was  found  that  a  sudden  chill 
was  indicated,  the  heat  rapidly  rising  again  but  not  to  the 
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previous  constant  iK)iut.  The  explanation  of  this  is  that 
the  heat  of  combustion  and  the  loss  by  radiation  were  at 
an  even  balance  so  that  the  absorption  of  a  small  amount 
of  heat  by  the  crucible  gave  a  permanent  fall  of  tempera- 
ture. The  pvrometer  curve  then  took  the  form  shown  in 
Fig.  I. 

A  second  crucible  was  now  filled  with  the  boron  sili- 
cate mixture  and  introduced  as  before.  The  same  chill 
was  shown  by  the  pyrometer,  but  now  as  the  crucible  gath- 
ered  heat  and  the  charge  began  to  melt,  the  curve  rose 
above  the  previous  constant  and  then  fell  to  a  second  and 
lower  level,  as  sliown  in  Fig.  II. 

This  experiment  was  repeated  several  times  at  tern- 
peratures  ranging  from  1100"^  to  1200"^,  but  the  result  wa» 
the  same,  with  slight  variations,  in  each  case. 

The  evolution  of  heat  was  undoubted,  but  the  sug- 
gestion was  made  that  this  might  be  a  heat  of  solution  and 
not  of  combination.  It  was,  therefore,  determined  to  try 
other  mixtures.  Two  suggestions  presented  themselves. 
CaaBjO^  would  illustrate  the  acid  function  of  boron,  and 
XagSiaO^  would  present  an  analogy  as  to  the  evidence  of 
combination  with  silica.  Both  these  mixtures  gave  the 
characteristic  curve  of  heat  of  combination.  Boric  sesqui- 
oxide  alone  showed  no  heat  evolution  whatever,  nor  did 
the  boron  silicate  glass  pulverized  and  remelteil.  The  heat 
evolved  may  have  !>een  a  heat  of  solution,  but  if  so  the  heat 
evolved  from  the  soda-silica  melt  is  analogous. 

It  mattei's  little  what  name  is  given  to  the  reaction 
l>eeau8e  chemistry  cannot  yet  show  whether  glazes  are  to 
be  classed  as  solutions  or  as  combinations. 

The  evidence  cited  up  to  this  point  is  in  favor  of  a 
direct  reaction  l)etween  silica  and  boron  sesquioxide,  and 
no  one  to  whom  these  experiments  have  been  submitted 
has  had  the  hardihood  to  suggest  that  silica  is  the  base. 

This  portion  of  the  work  is  presented  with  some  diffi- 
dence. The  writer  make<  no  claim  to  be  an  experimenter 
of  the  experience  demanded  by  such  delicate  operations 
as  those  detailefl,  but  every  opportunity  has  been  seized 
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of  consulting  men  of  expert  knowledge  in  chemistry  anil 
physics,  and,  so  far,  all  have  agreed  in  the  conclusions. 

The  second  question  to  be  answered  was  whether  BgO:, 
could  be  shown  to  function  as  a  base  in  the  composition  of 
glazes.  In  this  the  writer  is  on  more  familiar  ground,  and 
as  a  net  result,  the  opinion  is  expressed  that  B2O3  un- 
doubtedly is  basic  when  melted  with  silica  or  silicates,  and 
that  it  may  be  used  to  replace  alumina  partially  or  en- 
tirely, with  the  exception  of  its  exercise  of  the  property  of 
fusibility. 

This  conclusion  has  been  reached  with  some  searchings 
of  heart,  for  it  has  involved  the  reversal  of  some  previous 
teaching  and  a  retreat  from  a  position  previously  held. 

Some  of  the  experiments  will  be  detailed  here,  and 
specimens  of  the  results  are  shown. 

SERIES  XIV. 
No.  I. 

.40  PbO        1  ^  Al  O 


.25  CaO 
.20  ZnO 
.IS  KNaO 


,1.75  SiOi 
.05  B.O,    ^ 


;         O.  R.  with  Boron  as  RsO»       i :  2. 
O.  R.  with  Boron  as  Acid       i :  2.2. 
Ratio  of  RaOj   :    Si02       1:7. 

No.  6. 

.20  ZnO         1   nc  AlO     i 

.25  PbO         [20  BO      I '-75^'^' 
.15  KNaO    J-^  ^*^*     ' 

O.  R.  with  Boron  as  RsOs       i :  2. 
O.  R.  with  Boron  as  Acid       i :  3.39. 
Ratio  of  R2O3   :    SiOa       1 :  7. 

The  arrangement  of  lead  oxide  and  calcium  oxide  in 
the  RO  content  was  made  so  as  to  adjust  the  fusibility  of 
the  glazes.  Otherwise  that  containing  the  larger  amount 
of  B2O3  would  have  melted  too  easily.  These  two  glazes 
with  four  intermediate  members  show"  remarkable  uni- 
formity.   If  B2O3  had  functioned  a«  an  acid,  making  glaze 
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No.  1  little  more  than  a  bisilicate  and  No.  6  higher  than  a 
trisilicate,  it  is  scarcely  credible  that  the  uniformity 
would  have  been  secured;  however,  the  varying  content  of 
lead  oxide  and  calcium  oxide  may  have  had  something  to 
do  with  the  result. 

Following  upon  this  the  alumina  was  omitted  entirely 
and  boron  was  relied  upo^n  as  a  flux  with  the  assistance  el 
barium. 

SERIES  XV. 
No.   I. 


,300  CaO 
250  BaO 
200  ZiO 
125  K»0 
125  NasrO 


lO,  I 


.25  B,0,   V  1.75  SiOj 


O.  R.  with  Boron  as  R2OS  i :  2. 
O.  R.  with  Boron  as  Acid  i :  4. 
Ratio  of  R2OS   :    SiOa  i :  7. 


No.  6. 

RO  as  in  No.  i        .50  BaOa        2.5  SiO: 

O.  R.  with  Boron  as  R2O3  i :  2. 
O.  R.  with  Borcn  as  Acid  i :  6. 
Ratio  of  R2O3   :    SiOa       i :  4.6.     . 

Four  intermediates  were  made  up  and  tlie  series 
burned  at  cone  2.  Naturally  the  glazes  are  less  fluid  than 
those  of  Series  XIV,  but  it  happens  to  be  the  case  that  XV 
1  with  .25  B2O3  is  more  fluid  than  XV  6  with  .5  B2O3.  This 
series  demonstrates  that  B2O3  may  be  used  to  replace 
AloOg  entirely,  at  least  in  an  experimental  way,  and  further 
indicates  that  B2O3  in  excess  tends  to  act  as  AI2O3  in 
increasing  the  viscosity  of  a  glaze.  This  point  is  also  illus- 
trated in  the  next  series  to  be  considertnl. 
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SERIES   V. 

No.  I. 


.234  ZnO  I  .234   AlaOa        , 

.297  K.O  [  [  2.358  SiO= 

.469  CaO  j  .290  B 


JaOa       ) 


O,  R.  with  Boron  as  RsOs  i  :  1.8. 
O.  R.  with  Boron  as  Acid  i :  3.1. 
Ratio  of  RsOa  to  SiOa       i :  4.5. 


No.  11. 

234  Zi»0  I  .234  AI..O3  ) 

297  K.O  [  [3.4  ^iO. 

469    CaO  j  .290    BaOri  j 

O.  R.  with  Boron  as  RaOa       i :  2.6. 

O.  R.  with  Boron  as  Acid       i :  4. 
Ratio  of  RjOa  to  SiOa       i :  6.4. 


All  these  glazes  present  the  appearance  which  is  us- 
ually attributed  to  an  excess  of  alumina.  They  are  full  of 
minute  bubbles  Ayhich  indicate  extreme  yiscositj',  and  haye 
consequently  a  leathery  surface.  The  c-ontent  of  alumina 
alone  is  not  unreasonable,  l)eing  .234  e(iui\^lent,  but  when 
the  content  of  B2O3  is  add(*d,  the  total  KaO^  becomes  .52J, 
whi(*h  is  yery  high.  The  oxygen  ratio  ranging  from 
1 : 1.8  to  1 : 2.()  includes  the  bisilicate. 

Series  XVIII  is  interesting  a«  showing  a  deyelopment 
of  devitrification.     The  formula  is: 


35  BaO 
10  Ca(3 
21  KcO 
14  SsLnO 
20  ZnO 


J 


Xo.   13. 


.28  B,.On         }  1.84  SiO. 


■■■ 


O.  R.  with  Boron  as  R2O3  i :  2. 
O.  R.  with  Boron  as  Acid  i :  4. 
Ratio  of  R,0.:  to  SiO=       i :  6.5. 
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xo.  i8; 


.35  BaO 
.TO  CaO 
.21  K,0 
.14  XasO 
.:io  ZnO 


)'.2S  B,05         V  2.76  SiOj 


h 


O.  R.  with  Boron  as  RaO*  i :  3. 
O.  R.  with  Boron  as  Acid  i :  6. 
Ratio  of  R-Oj  to  SiOs      i :  9.8. 

It  seems  incredible  that  if  BgO-j  here  functions  as  an 
acid  there  should  not  have  been  devitrification  in  all  glazes, 
hut  if  No.  13  be*  a  biKilicate  and  No.  18  a  trisilicate,  the 
phenomenon  is  ju-wt  what  would  be  expected. 

It  should,  perhaps,  be  explained  that  in  this  study  no 
attempt  ^^i^s  made  to  prepare  good  glazes.  Rather  the 
conti-arv,  for  the  faults  of  glaze  are  more  eloquent  than 
their  excellences.  Perhaps  the  work  may  be  continued 
before  publication  to  the  extent  of  developing  some  i)erfecc 
glazes  by  the  use  of  the  principle  suggested.  A  good  deal 
of  time  has  been  spent  in  standardizing  and  adjusting  con- 
ditions, the  results  of  which  would  only  be  tedious  in 
recital. 

The  reasons  a<lvanced  for  tlie  assignment  of  boron 
sc^quioxide  to  the  K2O3  column  may  be  summed  up  under 
the  following  heads : 

1.  Analogy.  So  far  as  we  are  aware  all  of  the 
sesquioxid(*s  exert  l>oth  acid  and  basic  functions.  There 
are  ferrates  and  salts  of  iron,  chromates  and  salts  of  chrom- 
ium, antimoniates  and  salts  of  antimony,  alum,inates  and 
siilts  of  aluminum.  Then  whv  not  borates  and  salts  of 
boron?  Silicon  dioxide  exerts,  under  fire,  the  most  power- 
ful acidic  function  known,  and  there  is  every  reason  to 
l^elieve  that  lK)ron  silicates  would  l)e  formed  in  fusion. 

2.  Reaction.  It  has  been  shown  that  upon  the  melt- 
ing of  silica  and  lK>ron  sesquioxide  together,  heiit  is  evolve<l 
which  (*an  be  measured  over  and  above  the  heat  of  the  fur- 
nace. If  this  be  a  heat  of  solution  then  a  similar  reaction 
takes  place  between  silica  and  sodium  oxide. 
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3.  Practice.  Glazes  containing  boron  sesquioxide  do 
not  obey  the  bisilicate  law  if  boron  be  regarded  as  acidic, 
but  this  law  is  imniediatelv  obeved  if  the  boron  be  reo:arde<l 
as  basic.  , 

DISCUSSION. 

/Jr.  Zimmer:  The  character  of  Mr.  Binns'  paper  it*; 
.'such  that  it  is  really  very  hard  to  discuss  it.  AVhile  I  admit 
that  all  the  facts  brought  out  seem  to  indicate  that  boron 
will  act  as  a  base,  there  are  surelv  conditions  under  which 
it  will  act  as  an  acid. 

While  not  doubting  any  of  those  facts,  I  want  to  call 
the  attention  of  the  Society  to  a  few  experiments  made  by 
myself  with  regard  to  the  melting  of  silicic  acid  with 
boracic  acid  at  comparatively  low  temperatures.  I  am 
satisfied  that  the  flux  obtained  was  nothing  but  a  solution, 
^s  I  was  able  to  dissolve  in  hot  water  all  the  boracic?  acid. 
Jit  the  same  time  I  found  some  fluxes  or  glasses  where  [ 
liad  to  add  muriatic  acid  to  helj)  to  recover  the  boracic,* 
acid.  There  is  another  fact  which  indicates  that  boron  in 
the  glaze  acts  as  an  acid;  if  in  firing,  you  use  a  coal  which 
•contains  a  high  percentage  of  sulphur,  I'ou  will  find  that  a 
glaze  high  in  boron  may  occasionally  show  signs  of  deviti'i- 
fication,  which  must,  to  a  certain  extent  at  least,  be  attri- 
buted to  the  expulsion  of  boracic  acid.  I  believe  in  a  paper 
which  Mr.  Hottinger  read  at  our  third  annual  meeting  he 
brought  out  the  fact  that  the  boracic  acid  of  the  odd  num- 
bers of  the  Seger  cones  is  to  a  great  extent  expelled  by 
sulphuric  .acid.  The  boracic  acid  enters  those  mixtures  as 
an  acid  and  not  as  a  base. 

To  come  back  to  where  I  started,  I  beg  to  say,  that  this 
paper  is  a  very  interesting  one.  It  opens  up  quite  a  new 
field.  It  brings  before  us  new  ideas  to  be  followed  up  and 
studied.  If,  however,  boron  really  acts  as  a  base,  under 
certain  conditions^  there  are  surelv  others  under  which 
it  will  act  as  an  acid. 

^fr.  Langcnheclx:  I  thank  you,  gentlemen,  and  I 
iliank  the  President  for  giving  me  an  opportunity  to  dis- 
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CUSS  this  subject.  The  ideas  advanced  in  this  paper  ari^ 
so  new  and  so  full  of  meat,  that  it  would  take,  considerable 
hardihood  to  advance  any  positive  opinions  in  the  face  of 
sneh  experintents,  and  I  am  not  prepared  to  do  so,  though 
undoubtedly  the  fact  that  a  more  acid  boron-silicate  glaze 
is  required,  to  stand  on  the  same  bodj',  than  a  silica  glaze, 
must  have  given  all  of  us  more  or  less  qualms.  While  J 
must  confess  I  never  made  the  experiments  which  Mr. 
Binns  here  suggests,  I  am  extremely  interested  and  my 
prejudices  are  rather  in  his  favor,  if  my  convictions  arc 
not  yet  prepared  to  follow. 

I  will  a«k  Mr.  Binnf^,  as  in  our  green  days  of  chemical 
superiority  over  practice  we  l^iughed  much  at  the  Trenton 
flux  of  boracic  acid  and  silica, — whether  he  or  anyone  else 
present  ever  went,  to  the  trouble  to  see  whether  all  the 
Iwracic  acid  disappeared  in  the  grinding  of  the  glaze  and 
was  carried  out  of  solution  by  the  glaze  water  afterwards 
siphoned  off;  or  whether  he  did  as  most  of  iis  did,  took  i< 
for  granted  and  never  submitted  it  to  investigation?  It 
seems  to  me  Mr.  Binns  must  have  thought  of  that  flux 
when  he  was  making  these  experiments,  and  I  would  like 
to  have  his  reflections  on  this  subject, 

Mr.  Mayer:  Mr.  President  and  Gentlemen :  1  am  not 
prepared  to  discuss  the  papef.,  All  the  theories  I  have  had 
in  the  past  concerning  the  action  of  boracic  acid  are  cer- 
tainlv  knocked  in  the  head  if  Professor  Binns'  conclusions 
are  correct. 

If  I  understand  Professor  Binns  correctly,  he  stated 
that  we  can  replace  alumina  by  boracic  acid.  Now,  if  that 
is  correct,  it  interests  me.  I  have  lately  been  trying  to 
solve  the  problem  of  what  is  called  in  England  some 
"tender"  colors.  The  only  way  to  get  these  colors  is  to 
cut  the  bora<*ic  acid  out.  If  this  idea  is  correct,  that  you 
can  replace  alumina  by  boracic  acid — I  don't  think  you 
clpim  that  it  would  not  affect  the  solvent  action? 

Mr,  Binns:     No,  sir. 

Mr.  Mayer:  Then  I  am  talking  off  the  book,  as  Pro- 
fessor Binns  does  not  claim  it  does  not  affect  the  solvent 
action. 
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Ke^anliiij;  the  point  raised  by  Mr.  I^iifreiibeik  about 
the  frittinji^  of  hoiticic  aeid  and  flint  together,  I  am  positive 
that  a  large  perc€*nt  of  boracic  acid  goes  into  solution 
after  fritting  at  eone  five  or  six,  from  experiments  I  have 
made,  Imt  I  eannot  say  it  all  goes  out.  I  do  not  kn(>\i'  that 
I  care  to  discuss  the  paper  at  the  present  time,  as  it  brings 
up  a  new  matter  entirely;  and  I  think  we  will  have  to 
Htudy  it  and  do  a  little  experimeiUing  along  our  own  lines 
before  we  can  talk  intelligently. 

Mr,  Burt:  I  have  not  myself  made  any  particular 
study  of  the  boracie  acid  or  boron  question,  except  as  to 
the  one  fact  stated  in  a  paper  some  time  ago,  that  I  was 
unable  to  account  for  its  coefficient  by  any  of  Seger's  rules. 
J  said  that  it  seemed,  as  far  as  I  could  see,  directly  opposed 
to  the  rules  wliich  Professor  Seger  gave  us,  which  was 
further  prov(^  by  other  papers.  I  do  not  know  but  this 
paper  may  possibly  throw  light  (m  tiie  subject.  In  the 
question  of  replacing  AlgOg  by  BgO.t,  it  is  not  clear  whether 
Professor  Binns  thinks  he  would  arrive  in  that  substitution 
at  an  equivalent  coeflicient,  that  is,  whether  he  would  give 
Bgf^^  the  same  equivalent  as  AUO.t,  and  thus  have  the  same 
results  with  either  in  crazing  or  non-crazing. 

Mr.  Storrr:  As  ilr.  Langenbeck  referred  to  the  work 
of  the  Trenton  potters,  I  will  say  a  word.  I  don't  want  to 
stand  as  the  rei)resentiative  of  the  practical  potter  in 
Trenton,  for  I  think  he  needs  no  apology — we  have  one 
with  us,  our  Vice-President.  They  have  continued  to  frit 
boracic  a(*id  and  flint,  notwithstanding  what  the  American 
Ceramic  Societv  has  said  to  the  contrarv.  In  mv  efforts  to 
prove  that  tlie  scientific  side  was  the  one  they  sliould  come 
over  to,  I  have  taken  the  water  from  the  top  of  the  glaze 
pan,  evaporated  it  off,  and  showed  them  their  boracic  acid 
in  solution.  I  was  able  to  prove  that.  I  made  s(mie  experi- 
ments along  the  line,  but  I  haven't  the  figures.  I  got  the 
answer,  **We  have  Ixn^n  doing  it  for  y(^rs  ami  it  has  workeil 
well  enough  and  we  will  ccmtinue  to  do  it.''  They  say, 
'^You  are  only  guessing — we  don't  throw  that  A^-ater  away." 

Mr,    Pnrdj/:     AA'hen   glazing   red    ImJlies  our   seniors 
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noted  an  opalc^seacfe  in  the  glaze  to  which  they  had  added 
boi-acic  acid.  That  opaleseuce  appeareil  Avith  tlie  addition 
of  lx)racic  acid.     Of  course,  we  onlv  have  the  coincidence 

7  •. 

of  the  appearance  of  opalesence  with  the  addition  of 
boracic  acid ;  but  the  very  fact  that  it  was  this  substance 
(unknown)  in  suspension  in  the  glaze,  which  I  showed  last 
year  would  crystallize  under  proper  heat  treatment,  is 
evidence  that  it  possibly  is  a  boron  silicate.  I  have  not 
analvzed  the  situation  carefullv.  I  know  there  are  boron 
phosphates,  and  I  know  that  all  attempts  to  show  that 
l>oron  is  a  base  have,  as  a  rule,  failed ;  and  that  the  boron 
phosphates,  boron  chlorides,  etc.,  are  rather  unstable  com- 
pounds. In  environments  to  be  found  in  a  fused  glaze, 
l)oron  might  possibly  l>e  combined  with  an  acid,  for  in- 
stance, forming  a  boron  silicate. 

Mr.  Plusch  :  I  will  ask  Professor  Binns  if  the  boron 
was  fritted  before  it  was  added  to  the  glaze?  Second,  if 
you  fritted  it,  in  the  place  of  alumina,  what  medium  you 
used  to  apply  the  glaze?  Xext,  whether  you  applied  it  to 
the  green  or  to  the  biscuit  tile;  and  if  to  the  biscuit,  what 
amount  of  porosity  was  there  in  the  tile? 

Mr.  Pannclee :  In  a  discussicm  with  Mr.  BowTnan,  it 
occurred  to  me  that  there  are  borate  glasses  whi<*h  are  very 
Usseful  on  account  of  their  optical  properties.  It  is  quite 
contrary  to  our  conception  of  glasses  to  have  any  agent 
present  which  avouUI  be  likely  to  cause  devitrification. 
How  can  we  reconcile  those  two  different  functions?  It 
seems  to  me  impossible  to  say,  except  with  respect  to  the 
alkali  group,  that  any  single  element  possesses  only  basic 
or  only  acidic  properties.  Other  conditions  which  prevail 
will  determine  the  action  of  the  element.  At  low  tempera- 
tures we  have  compounds  in  which  boron  is  combined  with 
more  strongly  acid  elements  or  radicals,  and  it  seem«  to 
me  difficult  to  determine  Avhether  it  is  acid  or  basic.  It  is 
a  very  interesting  que«tiou  to  consider. 

The  Chair:  I  could  not  discuss  this  paper  adequately, 
for  the  subject  is  a  deep  one.  If  Professor  Binns'  concep- 
tion is  right,  we  will  have  to  overthrow  many  of  our  notions 
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of  boraeic  acid.  It  seems  to  me  it  requires  further  work, 
and  we  must  attack  tiie  problem  by  other  methods  before 
we  can  arrive  at  a  final  conclusion,  and  follow  Ostwald's 
advice  to  attack  a  problem  by  as  many  methods  as  possible. 

Mr,  Binus:  Mr.  President  and  Gentlemein:  I  will 
take  up  these  questions  and  reply  to  them  seriatim.  Dr. 
Zimmer  thought  sulphuric  acid  replaces  boron.  I  think 
that  phenomenon  of  devitrification  may  be  as  well  ac- 
counted for  if  the  sulphuric  acid  withdraws  the  boron  from 
the  combination,  and  the  devitrification  in  that  case  is 
more  an  evidence  of  basic  than  acidic  function.  I  admitterl 
right  through  that  boron  will  function  as  acid  under  some 
conditions  but  not,  I  think,  in  the  presence  of  silica. 

Mr.  Langenbeck  asked  if  all  the  BgOg  is  dissolved  when 
the  common  frit  of  lK)ric  acid  and  fiint  is  made.  The  object 
of  fritting  is  to  render  the  soluble  substances  insoluble. 
If  one  does  not  produce  an  insoluble  compound  he  does  not 
accomplish  the  purpose  of  his  frit.  He  may  be  right  as  to 
the  process  of  fritting  silica  and  boric  acid,  but  he  may  be 
wrong  as  to  the  making  of  an  insoluble  frit.  There  are 
cases,  as  my  paper  states,  where  a  boro-silicate  melt  is 
insoluble,  or  nearly  so. 

Answering  Mr.  Mayer's  question  as  to  colors,  I  have 
not  taken  that  into  consideration  at  all. 

Mr.  Burt  asked  a-s  to  the  replacing  of  alumina  and  the 
effect  of  the  substitution  on  the  coeflftcient.  I  found  that 
boric  acid  has  no  apparent  effect  on  the  coefficient.  Messrs. 
Purdy  and  Fox  stated  certain  facts  as  to  the  effect  of  the 
alumina  on  the  coefficient  which  are  vet  to  be  confirmed ; 
but  that  is  not  within  the  point  of  discussion.  I  think  that 
boron  sesquioxide  functions  the  same  way.  Boric  acid 
does  not  cause  crazing  if  it  replaces  alumina  in  the  proper 
proportion.  I  have  replaced  boric  acid  by  alumina  and 
vice  vei*8a  without  infiuence  on  the  point  of  crazing. 

Professor  Purdy  raises  the  question  of  opalesence.  No 
person  could  experiment  long  on  r)oric  glazes  without  strik- 
ing that,  but  I  am  not  yet  prepared  to  discuss  the  point. 

Mr.  Plusch  asked  certain  questions.     To  the  first,  I 
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will  answer  ves,  certainly.  The  boric  iaicid  was  fritted  in 
the  ordinary  way.  To  the  second  question,  as  to  media 
used,  I  used  zinc  oxide  and  whiting,  and  found  no  difficulty 
in  floating  the  glaze.  In  experimental  work  one  must  dis- 
regard mechanical  difficulties.  It  does  not  necessarily 
mean  that  you  can  duplicate  certain  facts  in  the  factory. 
Jfy  purpose  wa-s  not  to  make  good  glazes,  and  if  I  liad  had 
to  use  mucilage,  or  what  not,  to  make  the  glazes  flotative, 
1  would  have  been  justified. 

I  had  two  series  of  bodies,  one  made  up  as  a  non- 
crazing  body,  and  the  other  as  a  crazing  body.  The  non- 
crazing  tile  which  I  used  was  burned  to  about  cone  eight, 
and  burned  to  a  reasonable  earthenware  hardness.  I  did 
not  consider  it  vital  to  determine  the  porosity  of  the  tile, 
it  was  just  about  earthenware  hardness. 

Professor  Parmelee  alluded  the  the  case  of  boric 
glasses,  but  I  did  not  quite  understand  his  question. 

Mr.  Parnielce:  The  point  is  this:  We  have  a  type  of 
glass,  boric  glass,  which  i«  transparent  and  used  for  optical 
purposes.  You  stated  that  boric  acid  would  act  similar  to 
alumina,  and  could  replace  it;  if  that  be  so  would  not 
devitrification  and  loss  of  transparency  necessarily  follow? 

Mr.  BinnH\  Alumina  is  used  to  prevent  devitrifica- 
tion and  so  is  boric  acid.  The  reason  alumina  is  not  used 
in  glasses  is  on  account  of  its  great  viscosity. 

I  want  to  say  one  or  two  things  in  closing  this  discus- 
sion. I  thank  you  for  the  consideration  you  have  given  this 
paper.  As  I  explained  in  my  paper,  it  has  caused  me  a 
great  many  searchings  of  heart,  as  I  shall  have  to  reverse 
my  former  teachings  if  the  case  be  proved.  I  have  always 
been  able  to  construct  bright  and  matt  glazes  on  paper,  at 
any  temperature,  and  had  no  doubt  as  to  their  serving  my 
purposes ;  but  I  have  never  been  able  to  do  this  with  refer- 
ence to  fritted  glazes.  They  obeyed  no  law.  But  now,  if 
my  argument  be  sound,  the  same  law  will  be  obeyed  by 
glazes  of  every  type  which  is,  in  itself,  strong  evidence  of 
truth. 

Mr.  Parmclre    (Note)  :     By  devitrification  is  meant 
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literally^  a  loss  of  tlie  characteristic  gla«s-like  properties, 
chief  among  which  are  the  amorphou-s  structure  and  trans- 
paren<*y.  A  good  illuetratiou  of  devitrification  is  a  true 
matt,  that  is,  a  glaze  having  a  cryptocrystalline  structure. 
Such  a  devitrification  may  be  brought  about  by  a  proper 
adjustment  of  the  alumiua-silic^  ratio.  If  boric  acid 
possesses  in  glazes  properties  similar  to  those  of  alumina, 
it  seems  reasonable  to  exi}ect  the  boric  acid  to  be  able  to 
produce  devitrification  under  suitable  conditions,  just  as 
alumina  will  do.  •  It  ^>'ould  ai3pear  from  the  inspection  of 
analyses  given  by  Horrstadt  in  "Jena  Glass,"  page  146 
(translated  by  J.  D.  &  A.  Everett)  that  boric  acid  may  be 
used  throughout  a  wide  range  without  apparently  giving 
rise  to  devitrification.  Final  judgment  should  fairly  be 
withheld  until  we  have  the  results  of  more  extended  re- 
search. It  is  true  that  alumina  is  used  to  prevent  devitrifi- 
cation; yet  it  is  also  used  to  induce  the  phenomenon. 


NOTES  ON  THE  USE  OF  CRUDE  OIL 
FOR  BURNING,  KILNS. 

BY 

Carl  II.  (iRIFfin,  Worcester,  3!ass. 

In  an  endeavor  to  reduce  the  cost  of  burning  and  to 
obtain  a  more  uniform  product  by  better  kiln  control,  the 
Norton  (^ompany,  several  years  ago,  un^c^rtnok  a  series  of 
experiments  with  crude  oil  as  a  fuel.  While  these  experi- 
ments did  not  result  in  the  inst;illation  of  the  fuel  oil 
system » they  were  not  entirely  unsuccessful,  and  may  prove 
of  interest  as  a  departure  from  the  more  accepted  methods 
of  firing:. 
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The  oil  used  for  these  experiments  was  purchased  from 
the  Standard  Oil  (^'ompany,  under  the  name  of  "crude  oil.'' 
It  is  composed  of  the  heavier  hydrocarlnms  remaining  after 
the  distillation  of  the  benzine,  naptha,  etc.,  has  a  specific 
gravity  of  0.837  and  contains  only  0.15%  of  sulphur.  The 
StandaiHl  Oil  Company's  quotation  at  the  time  of  these 
experiments  was  3i/>c  per  gallon  in  tank  car  lots. 
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The  api)aratiis  required  was  loaned  the  Norton  Com- 
pany by  Mes8i^.  Gilbert  &  Barker,  of  Springfield,  Mass., 
engineers  and  contractors  for  fuel  gas  and  fuel  oil  plants. 
It  consisted  of  a  number  of  oil  burners,  a  500  gallon  storage 
tank,  a  pump  for  raising  oil  to  the  burners  and  a  Root 
blower  for  spraying  it  into  the  firebox.  Fig.  1  shows  a 
section  of  one  of  the  burners  used. 

The  first  installation  of  this  system  was  made  under 
Messrs.  Gilbert  &  Barker's  supervision,  Fig.  2  showing 
their  method  of  applying  to  our  kiln. 

By  this  arrangement,  the  oil  t»  forced  against  a  pro- 
jection (A)  from  the  upper  side  of  the  firing  door,  which 
sen-es  to  break  up  the  stream  and  cause  more  I'apid  and 
more  complete  combustion.  The  kiln  was  burned  three 
times  under  these  conditions,  but  with  hardlj^  the  desired 
results  as  regards  heat  distribution.  Most  of  the  combus- 
tion seemed  to  take  place  in  the  fire-box  without  suflBcient 
flame  to  carry  the  heat  into  the  kiln  chamber,  so  that  while 
the  former  was  incandescent  with  oxcessiye  heat,  the  latter 
was  comparatively  cool.  Gas  analyses  showed  that  condi- 
tions in  the  kiln  approached  reduction,  although  the  ware 
burned  showed  only  a  slight  trace  of  it  and  was  in  general 
a  good  saleable  product. 

The  fourth  burn  was  made  after  a  rearrangement  of 
burners  and  firebox  according  to  Fig.  3. 

According  to  this  method,  the  jet  of  oil  was  made  to 
impinge  upon  a  fire  brick  (A)  about  half  way  down  the 
fire  box,  and  a  flue  (C)  was  built  in  to  conduct  air  to  the 
point  of  maximum  temperature.  With  this  arrangement, 
a  much  better  distribution  of  heat  was  obrained.  The  air 
preheated  by  passing  through  a  flue  (C)  was  drawn  into 
the  firebox  and  served  to  assit  combustion  and  to  act  as  a 
conveyor  by  means  of  which  the  heat  was  carried  into  the 
kiln  chamber.  Two  kilns  were  burned  under  these  condi- 
tions, but  it  was  found  that,  while  the  heat  in  the  firebox 
was  not  so  intense  as  it  had  been  in  the  preceding  burns, 
the  piers  supporting  the  floor  near  the  fireboxes  were 
greatly  affected  by  the  heat,  and  during  tht-  se(*ond  burning 
settled  considerablv. 
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-A  third  arrangement  is  readil.v  explalried  by  Fig.  4. 
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Bv  this  method  the  air  current  was  ronducted  to  the 
point  shown  to  be  the  most  affected  by  the  two  preceding 
firings  and  very  good  results  were  obtained,  both  as  to 
distribution  of  heat  and  condition  of  the  ware.  Two  burns 
were  made  with  this  arrangement  without  damage  to  the 
kiln  from  excessive  heat. 

The  following  tables  give  the  cost  of  fuel  and  labor 
for  seven  kilns  fired  with  crude  oil  and  seven  kilns  of  the 
same  size  fired  with  anthracite  coal : 


KILNS  BURNED  WITH  CRUDE  OIL. 


Burn  No. 

Houn 

CalloiM  of 

Average    GaUoni 

Com  of  Oil. 

Coat  of  Labor. 

No. 

Burninc 

Oil. 

per  hr. 

I 

I 

32 

400 

12.50 

$14.00 

$7.20 

2 

.  I 

32 

450 

14.06 

15.75 

7.20 

3 

I 

31 

483 

15.50 

16.91 

6.98 

4 

2 

27 

386 

14.33 

13.51 

6.08 

5 

2 

30 

392 

13.06 

13.72 

6.7^ 
7.98 

6 

3 

31 

430 

13.87 

15.05 

7 

3 

33 

426 

12.90 

14.91 

7.43 

Average 

30.85 

423.8 

13.74 

$14.83 

$7.08 

KILNS  BURNED  WITH  ANTHRACITE  COAL. 


Burn  No. 


I 
2 

3 
4 
5 
6 

7 


Average 


Houn  Burning. 


Pounds  of  Coal. 


42 

4435 

52 

5555 

42 

4547 

51 

5376 

49 

4121 

45 

5130 

43 

4122 

45 

4755 

Kvcnge  Pounds 
per  Hour 


105 
III 
108 
105 

84 


103 


Cost  of  Coal 

Coat  of  labor. 

$8.65 

$9.45 

10.74 

8.84 
10.46 

11.25 

9.45 
11.48 

8.00 

11.03 

9.97 
8.03 

10.13 
9.68 

$  9.24 


$10.35 


The  fuel  costs  in  the  above  tables  are  figured  on  oil 
at  f 0.035  per  gallon  and  anthracite  coal  at  $i,S5  per  gross 
ton. 
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A  stud}'  of  these  tables  develops  the  jfact  that  one 
gallon  of  crude  oil  is  equivalent  in  heating  value  to  11.22 
pounds  of  coal.  Since  the  weight  of  one  gallon  of  this  oil 
is  7.18  pounds,  this  value  in  units  of  weight  is  1  to  1.562. 
From  this  proportion,  and  their  co.«ts  per  pound,  the  costs 
of  equivalent  heating  i'alues  of  oil  and  coal  are  found  to 
be  in  the  ratio  of  1.6  to  1,  which  shows  oil,  under  the  con- 
ditions of  this  test,  to  cost  60%  more  than  anthracite  coal. 

By  using  oil,  the  time  of  burning  and  hence  the  labor 
for  firing  is  reduced  by  about  33%.  Also  the  c^ost  of  clean- 
ing fire-boxes  and  removing  ashes,  which  adds  about  45c 
to  the  labor  charge  for  coal-fired  kilns  of  this  size,  would 
be  eliminated. 

These  figures  combined  give  us  the  following  totals 
for  fuel  and  labor : 

Oil-fired  kilns |;21.91 

Coal-fired  kilns 20.04 


J1.87 


This  saving  by  using  coal  would,  of  course,  be  propor- 
tionally greater  for  larger  kilns,  as  the  laboi*  does  not 
increase  with  the  size  of  kiln  at  the  same  rate  as  the  fuel 
consumption. 

Kepairs  to  fire-boxes  would  probably  be  less  in  oil-fired 
kilns  than  in  coal-fired,  as  breaking  the  clinker  from  the 
linings  in  the  latter  would  shorten  their  life  somewhat; 
and  the  cost  of  unloading  and  handling  fuel  would  also  be 
slightly  decreased  if  oil  were  used,  but  these  two  advan- 
tages would  be  more  than  offset  by  the  difference  in  cost 
of  fuel  of  the  two  svstems. 

These  experiments  have  shown  the  fuel-oil  system  to 
have  the  following  advantages : 

1.  Better  control  of  fires. 

2.  Shorter  burns  possible,  and  consequent  reduction 
in  the  cost  of  labor  for  firing. 

3.  Cleaning  of  fire-boxes  eliminated  and  repairs  on 
them  reduced. 
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4.     Reduction  in  cost  of  handling  fuel. 

On  the  other  hand^  the  increase  in  quality  of  ware  was 
not  sufficient  to  warrant  the  expense  of  installing  and 
operating  this  system,  with  the  cost  of  crude  oil  as  a  fuel 
60%  higher  than  anthracite  coal,  at  the  Norton  Company's 
plant. 

DISCUSSION. 

Mr.  Applcgate:  I  will  ask  whether  Mr.  Griffin  has 
taken  into  consideration  the  increased  kiln  capacity? 

Mr.  Griffin  :  No ;  I  have  not  fciken  that  into  consider- 
ation for  the  reason  that  we  had  at  that  time  sufficient  kiln 
room  to  more  than  handle  our  products,  under  the  best 
conditiop^Su  and  with  the  slowest  burns  we  could  possibly 
make.    I  have  not  figured  that  into  the  relative  cost. 


.f 


MY  EXPERIENCE  WITH  CRYSTAL  GLAZES. 

BY 

Db.  W.  Pukall^  Bunzlau,  Silesia. 

From  the  time  of  our  first  knowledge  of  crystalline 
and  partly  crystalline  glazes,  there  has  been  maintain^ 
an  active  interest  in  this  attractive  and  charming  subject. 
Ceramists  who  make  an  effort  to  not  only  meet  the  general 
demand  of  the  ceramic  market,  but  to  devote  some  time  to 
the  further  development  of  the  "Fire-Art''  as  well,  are 
constantly  engaged  in  the  perfection  of  this  splendid 
agency  for  the  decoration  of  ceramic  products. 
^  -  *  It  is  not,  however,  merely  for  the  sake  of  creating  a 
new  decorative  process  for  ceramic  wares  that  so  much 
work  is  being  done  along  tliis  line.  The  purchasing  public 
is  as  yet  indifferent  to  this  decoration,  because  it  under- 
stands it  so  little.  Quite  a  different  motive  urges  on 
research  along  this  line.  It  is  rather  the  irresistable  charm 
exercised  by  that  mysterious  force  of  nature  upon  man, 
that  force  which  i«  able  to  isolate  chemical  substance:* 
before  odr  very  eyes,  from  matter  in  an  apparently  chaotic 
state,  and  to  do  this  according  to  exact  and  definite  laws. 
WTioever  has  had  occasion  to  make  a  study  of  these  la^\'s, 
and  to  observe  the  wonderful*  effects  of  this  formative 
force;  whoever,  with  interest  at  its  highest  tension  has 
followed  the  'first  beginning  attd  the  gradual  or  rapid  de- 
velopment of  splendidly  formed  crystals  before  his  very 
eyes  in  the  laboratory,  will  llave  experienced  this  charm 
and  will  understand  me. 

Su(^h  observations  suggest  the  question  concerning  the 
why 'dn'd  wherefore,  fliat  is,  a  question  concerning  th** 
character  ahd  principal  catfgJ^"6f  these  processes,  but  the 
answer  to  the  question  will  undoiAtedly  be  tiithheld  from 
even  the  acutest  human  minds  for  a  long  time  to  come.  We 
have  no  other  choice,  therefore,  than  to  be  content  to 
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smooth  the  way  for  the  proofs  of  tlie  process  of  crystalliza- 
tion. Work  along  these  lines  is  quite  sufficient,  however, 
to  not  only  give  the  greatest  satisfaction  and  contentment 
from  the  work  itself,  but  also,  if  the  work  be  successful,  to 
delight  the  eye  of  him  who  appreciates  beauty,  with  magni- 
ficent forms  not  built  by  the  hand  of  man,  and  with  colors 
not  reproducible  on  the  painter's  canvas.  Imitation  of 
natural  crystals  is  nothing  new.  These  crystals  have  never 
been  produced,  however,  in  such  charming  forms  as  ceramic 
art  has  recently  been  enabled  to  conjure  forth.  Crystal 
glazes  have  thus  become  one  of  the  most  l)eautiful,  peculiar 
and  at  the  same  time,  distinguished  means  of  ceramic 
decoration,  and  in  this  field  form  a  new. creation  which  may 
well  take  its  place  by  the  side  of  the  most  brilliant  achieve- 
ments of  former  times. 

If  crystalline  glazes  appeal  to  the  general  public  as 
odd  or  bizarre,  that  impression  will  disappear  after  ac- 
quaintance as  surely  as  does  the  snow  disappear  before  the 
rays  of  the  sun.  It  may  be  asserted  with  certainty  that 
this  "fire-art"  will  prove  itself  the  means  by  which  ceramics 
will  make  many  a  new^  friend. 

It  is  not  the  purpose  of  this  paper  to  give  either  a 
historical  sketch  of  the  development  and  progress  of  crys- 
tal glazes  or  to  make  scientific  deductions  from  certain 
phenomena  presented  by  them.  It  is  the  writer's  purpose 
to  make  his  own  experiences  more  generally  known,  not 
only  that  he  may  incite  others  to  further  work  along  these 
lines,  but  also  that  he  may  be  incited  himself  by  others. 
He  hopes  that  this  may  result  in  the  promotion  of  this 
great  branch  of  artistic  activity. 

The  first  crystal  formation  on  ceramic  products  no- 
ticed by  the  writer  was  on  porcelain  vases  from  a  famous 
Danish  porcelain  factory.  Later  I  noticed  crystals  in  the 
glaze  of  a  rather  old,  small  Japanese  porcelain  vessel.  A 
real  crystal  glaze  that  appeared  in  the  market  somewhat 
later  was  subjected  to  analysis,  but  the  results  did  not  lead 
me  to  any  satisfactory  conclusions  This  plan  was  then 
abandoned  entirely  and  independent  experiments  substi- 
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tuted.  I  used  high  grade  stoneware  as  the  body  in  all 
experiments,  which  proved  to  be  excellently  adapted  to 
the  purpose.  I  will  have  more  to  say  about  this  farther 
on.  The  chief  agencies  used  for  the  production  of  crystals 
were  zinc  oxide  and  titanium  oxide,  the  latter  in  the  form 
of  rutile.  iS^l though  manganese  oxide  and  cobalt  oxide  also 
incline  to  crystal  production,  the  two  first  mentioned  were 
used  exclusively,  because  they  gavo  better  promise  of  re- 
sults. After  the  first  rutile  crystals  appeared,  and  gave 
much  promise,  the  zinc  oxide  crystals  were  entirely  aban- 
doned. From  my  personal  experience,  they  are  indeed 
more  easily  obtained,  but  far  less  beautiful.  The  zinc 
crystals  have  since  been  produced  in  various  places  so 
abundantly,  and  have  been  described  with  such  detail,  that 
I  shall  omit  all  comment  on  the  results  of  my  few  experi- 
ments and  confine  myself  to  the  less  known,  extremely 
beautiful  pure  rutile  crystals. 

I  wish  to  state  at  the  very  begijining  tliat  my  work  in 
this  line  was  confined  to  comparatively  small  articles.  On 
the  one  hand  this  was  imperative  owing  to  the  small  dimen- 
sions of  the  kilns  in  the  Bunzlau  Ceramic  Sfhool,  and  on 
the  other  hand,  I  believe  I  have  found  it  to  be  generally 
true  that  the  artistic  charm  of  ceramic  products  of  what- 
ever nature  decTeases  pretty  much  as  the  square  of  the  size 
increases.  The  largest  vessels  had  a  height  of  only  30  cm., 
with  a  proportionate  diameter. 

The  first  experiment  was  to  add  rutile  by  small  incre- 
ments up  to  15%  to  a  known  white  ware  glaze  of  not  too 
refractory  nature.  This  white  ware  glaze  was  of  the  ordi- 
nary fritted  type  and  was  fritted  at  the  usual  temperature. 
As  a  rule,  nothing  in  particular  was  manifested  in  this 
operation,  only  that  a  large  addition  of  rutile  caused  a 
matteness  of  the  glaze,  accompanied  by  the  separation  of 
distinctlv  marked  crvstals.  Generallv  also,  not  much 
change  was  to  be  noted  with  increased  temperature.  How- 
ever, it  was  observed  that  on  the  addition  of  coarse-grained 
rutile,  a  crystallization  took  place  pix>cc(»ding  from  the 
coarse  granules  as  nuclei.    This  seemed  to  justify  greater 
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hopes,  but  still  it  did  not  produce  any  satisfactory  result, 
Kutile  in  quantities  up  to  15%  was  now  fritted  together 
liiith  various  glaze  fritts,  pulverized  and  fused  on  as  a 
glaze,  with  and  without  other  additions.  In  several  cases, 
very  acceptable  results  were  obtained  by  this  procedure,  as 
for  instance  in  the  glazes  containing  zinc  and  liaving  the 
molecular  fonnulae  as  follo^'s: 


I. 


0.2   CaQ   L     ,,  ,    Aio  i 


II. 

0.5  PbO)  (1.8  SiO, 

0.2  CaO  \    0.2  AlsOa         <  ^,.^ 

0.3  ZnOJ  (0.4I1O2 

These  glazes  produced  bj^  these  batch  weights 

I. 

55.6    Feldspar 

84.0  Sand  from  Hohonbocka 

41 . 1  Rutile 

1 14. 2    Red  Lead 
20.0    Marble  Dust 

16.2  Zinc  Oxide 


331 . 1 


TI. 

51.6  Zettlitz  Kaolin,  raw 

84.0  Sand  from  Hohenbocka 

32.9  Rutile 

\i^.2  Red  Lead 

20.0  Marble  Dust 

24.3  Zinc  Oxide 


327.0 


These  results  are  quite  acceptable.  After  the  com- 
pounding as  indicated  above,  they  were  lightly  fritted, 
pulverized  and,  without  any  further  additions,  were  fused 
in  the  high  temperature  muffle  on  a  piece  of  fine  stone-ware 
boily  at  cone  7.  Both  showcnl  an  almost  too  prolific  crys- 
tallization as  follows: 
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(1)  Cabbage  shaped  crystals  in  an  opaque  ivory- 
colored  groundmass,  radiating  from  a  common  center  and 
consisting  of  formations  varying  in  appearance  from  tbat 
of  coarse  needles  down  to  fine  and  even  most  delicate 
featherlike  forms. 

(2)  Compact  needles,  in  a  grayish- violet,  semi-trans- 
parent groundmass,  intertwining  and  jumbled  together, 
and  of  a  strongly  matted  appearance,  showing  in  only  a 
few  places  star-shaped  crystals  whose  endjs  are  of  a  fibrous 
structure.  This  latter  peculiarity  increased  directly  as 
the  amount  of  zinc  present  increascnl. 

Although  a  great  step  forward  has  been  made  in  the 
attainment  of  these  results,  they  were  not  yet  satisfactory 
from  the  view  point  of  dei»orative  art,  especially  since  it 
was  also  obser\'ed  that  the  various  metal  oxides  used  for 
coloring  purposes  had  a  greatly  varying  elTect,  sometimes 
aiding  and  sometimes  retarding  the  tendency  to  crystalli- 
zation. Among  those  that  aid  the  crystallization  must  be 
counted  first  cupric  oxide,  then  manganese  oxide,  and  per- 
haps also  iron  and  ui-anium  oxide.  All  the  others  behaved 
in  a  not  very  favorable  manner  and  could  be  used  only  in 
rather  small  quantities.  It  was  also  shown  that  the  color- 
less crystal  glazes,  which  are  really  the  chief  ones  for  decor- 
ative purposes,  could  not  always  be  utilized  directly  in  the 
production  of  colored  glazes  but  that  they  had  to  be  worked 
over.  This  turned  all  the  experiments  into  new  channels 
in  which  the  work  was  continued  with  hicrhlv  satisfactorv 
results,  especially  since  the  method  of  preparing  the  glazes 
was  thereby  considerably  «implifi(Hl. 

An  alkaline  fritt  adapted  to  whiteware  glazes  having 
the  following  composition  was  meUed: 

A. 
0.50  PbO    \  I         ^.„ 

0.15  K,0     I  I2.70S1O, 

0.15  NaaO   >    o.io  AIsOs     <  =3490  Comb.  Wt. 

010  CaO    I  (0.30  B,On 

0.10  BaO    '  ' 
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The  batch  weight  was  as  follows : 

A'. 

10.10  Potassium  Nitrate 

55.60  Feldspar 

57.^30  Borax,  crystallized 

10.00  Marble  Dust 

15^.74  Barium   Carbonate    (Witherite) 

114.16  Red  Lead 

126.00  Sand  from  Hohenbocka 


392.90 


This  fritt,  after  fusion  to  a  transparent  glass,  together 
with  the  addition  of  rutile,  various  quantities  of  an  un- 
fritted  mixture  (a)  and  of  various  metallic  oxides,  served 
as  the  starting  point  of  a  whole  series  of  experiments.  The 
composition  of  (a)  was: 


0.5  CaO  I 
0.4  MgO  } 
0.1  KaO     J 


(a). 
0.4  AI2O3    1.6  Si02=229.8  Comb.  Wt. 


and  the  batch  weight: 


(a') 


50.0  Marble  Dust 

55.6  Feldspar 

66.6  Zettlitz  Kaolin,  ignited 

24.0  Sand  from  Hohenbocka 

33.6  Magnesite 


Only  the  most  successful  member  of  this  series  will  be 
mentioned  here. 

Itconsisted  of  a  mixture  of: 

100. o  Glaze   Frit    (A) 

100.0  Glaze,  raw  base 

30.0  Rutile 

12.0  Copper  Oxide 

242.0 
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which  corresponds  to  the  formula : 


0*282  CaO 
0.200  MgO 
0.173  CuO 
0.164  PbO 
0.099  KjO 
0.049  NaaO 
0.033  BaO 


1.687  SiO. 
-  0.232  AlsOs  ■{  0.430  TiOj 

0.097  BjOa 


Except  with  the  copper  oxide,  and  perhaps  also  the 
manganese  oxide,  this  glaze  did  not  yield  any  specially 
serviceable  effects.  At  a  temperature  of  cone  7  there  were 
developed  from  a  light  grayish  green  groundmass,  exceed- 
ingly delicate,  silver-gray  fanshaped  forms,  arranged  in 
sets  of  two  each,  with  the  handles  or  stems  towards  each 
other.  Occasionally,  there  are  four  in  a  set,  arranged  in 
the  form  of  a  cross.  By  the  continued  expansion  of  the 
fan  surfaces,  these  finally  met  and  touched  their  neigh- 
bors. In  this  manner  there  arose  groups  of  crystal  flowers 
of  various  size,  then  again  large  vacant  spaces,  or  spaces 
showing  an  incipient  crystallization.  In  some  instances 
the  whole  vessel  was  covered  uniformly  with  crystals.  In 
such  a  case  the  crystals  w  ere  deficient  in  delic*a(*y  of  struc- 
ture. In  those  cases,  especially  where  the  glaze  was  ap- 
plied in  thin  layers  or  where  it  drained  off  because  of  too 
high  temperature,  fan-shaped  crystals  just  described  were 
frequently  intertwined  with  others  that  were  compact, 
needle-shaped,  and  often  radiated  from  a. common  center, 
reminding  one  of  small  tufts  of  grass.  As  a  rule  the  indi- 
vidual crvstal  flowers  remain  small  in  size  and  attain  a 
diameter  of  0.5 — 0.8  mm.  or  less.  If  they  are  otherwise 
pet'fec^t,  this  does  not  detract  from  their  charming  appear- 
ance. 

This  glaze  was,  however,  abandoned  in  the  effort  to 
obtain  a  stronger  development  of  crystals  and,  above  all, 
a  greater  variety  of  color  shades,  especially  since  it  had 
been  shown  that  with  the  fritt  and  rutile  without  the  raw 
base  glaze  (a)  larger  and  more  regularly  developed  crystal 
stars  could  be  obtained.    Thus,  for  instance,  very  beautiful. 
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delicately-fibred  crystals  were  obtained  by  using  the  fol- 
lowing mixture : 

lOo    Glaze  Fritt  A 
15     Rutile 
6    Cupric  Oxide 


121 


According  to  the  system  of  writing  formulae  devised 
by  Seger,  this  apiK^ars  as  follows : 


0.079  BaO 
0.079  CaO 
0.118  K2O 
0.119  NaaO 
0.209  CuO 
0.396  PbO 


"  0.079  Al.Oj     ^ 


2.137  SiOz 
0.578  TiO^ 

0.237    BaOs 


These  crystals  appeared  singly,  or  if  in  groups,  not 
very  crowded,  were  silverhued,  of  various  sizes  but  not  over 
8-10  mm.  in  diameter,  and  appeared  on  a  grayish  green 
to  a  vivid  dark  green  ground.  This  glaze  Avas  developed 
at  a  temperature  of  (H)ne  4,  at  the  greatest  advantage  be- 
cause of  its  greater  percentage  of  boric  acid  and  small 
alumina  content.  This  temperature  proved  to  be  too  low 
for  the  fine  stoneware  body  described  farther  on,  so  that 
it  caused  an  occasional  fi'acture  by  the  cracking  of  vessels 
on  cooling.  The  beauty  of  the  glaze  recjuired  an  adjust- 
ment of  the  body  to  the  temperature  mentioned,  and  this 
Avas  done  without  ditticultv. 

Of  the  other  coloring  oxides,  manganese  oxide  was  the 

onlv  one  that  vielded  somewhat  serviceable  results.     The 

*.  «/ 

most  beautiful  results  were  obtained  by  the  simultaneous 
employment  of  the  oxides  of  copper  and  manganese,  Re- 
cording to  the  following  batch  weight: 

100  Glaze  Fritt  (A) 

15  Rutile 

6  Copper  Oxide 

3  Manganese  Hydroxide 

124 
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having  as  a  molecular  formula 


0.396  PbO  ^ 
0.209  CuO 
0.1 19  NasO 
0.079  BaO 
0.079  CaO 
0.1 18  K,0 


0.079  AUOg 
0.039  MnaOa    " 


2.137  SiOi 
C.518  TiO, 
0.237  BjOs 


The  moHt  beautiful  development  of  the  glaze  is  ob- 
tained at  temperatures  between  eonea  4  and  7.  From  an 
olive  colored  grcmnd  there  are  deAeloped  numerous  fine 
grei»nish-bro\vn  star-shaped  crystals.  As  In  all  cases  al- 
ready described  and  yet  to  be  described,  t)iey  do  not  injure 
the  lustre  of  the  glaze.  In  this  case,  they  have  spread  out 
until  their  respective  edges  meet,  forming  areas  of  irregu- 
lar polygonal  shape,  bounded  by  straighr  lines,  while  in 
the  glaze  just  described,  containing  copper  oxide  only,  the 
crystals  are  smaller  and  generally  separated  by  uncrys- 
tallized  areas.  The  new  crystallization,  however,  does  not 
injure  the  beauty  of  the  total  effect  in  the  least.  The 
diameter  of  the  individual  star  crystal  is  still  below  1  cm., 
which  however  does  not  etfert  their  decorative  value. 

However,  the  experiments  took  quite  a  different  turn 
after  it  had  lHH»n  observed  that  the  fluxin^r  effect  of  titan- 
im  ox'ide,  which  originally  suggested  the  possibility  of 
crystal  formation,  may  be  considerably  increased  at  times 
by  inconsiderable  additions  of  compounds  of  vanadium, 
tungsten  and  molybdenum.  This  makes  it  mon^  than  pos- 
sible to 'obtain  larger  crystals  which  leads  to  more  beautiful 
effects.  But  while  there  has  bc*en  much  effort  expended  in 
obtaining  hirger-sized  crystals,  the  larger  size  is  not  always 
<h*sirable.  Crystals  of  5  cm.  diameter  and  even  larger  were 
obtained.  (fen<*nUly,  however,  they  are  smaller,  In^^ause 
they  imi)ede  i^ach  other's  development.  Bv  far  the  most 
favorable  results  are  obtained  by  the  addition  of  vanadium 
compounds,  and  among  thest*  vanadate  i)f  ammonium  is 
the  lH*st.  Although  soluble  in  water,  it  can  be  added  to 
the  glaze  slip  (which  must  not  be  too  thin)  before  it  is 
applied,  and  gnmnd  up  with  it.     By  being  partially  dis- 
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solved  in  the  water  it  comes  into  a  closer  contact  with  the 
other  constituents  of  the  glaze.  In  the  rase  of  tungsten 
and  molybdenum,  the  •ammonium  salts  maj  be  used  to  ad- 
vantage, but  the  acid  anhydrides  were  the  ones  chiefly  used. 
Special  attention  must  l>e  called  to  the  fact,  however,  tjiat 
the  effects  of  the  compounds  named  was  uot  ecjually  good 
for  all  glaze  mixtures.  It  may  happen  that  if  one  of  the 
three  acts  favorably  up<m  the  crystallization,  the  other 
two  will  effect  it  unfavorabh-. 

It  was  now  necessarv  to  couneract  an  evil  that  is 
connect^*d  with  this  greater  fluxing  of  crystal  glazes.  This 
evil  consisted  in  the  almost  complete  flowing  off  of  the 
glaze  from  the  vessel,  forming  the  most  bt-autiful  crystals 
on  the  support  or  on  muffle  bottom.  I  tried  two  methods 
of  doing  this.  One  of  them,  that  had  already  been  used 
elsewhere,  consisted  in  attaching  on  the  top  edge  of  the 
ne(*k  of  the  vessel  to  be  decorated,  a  ring  having  nearly  the 
same  diameter,  or  at  least  having  the  same  diameter  at 
the  point  of  contact.  This  ring  should  be  made  of  the  same 
body  and  put  on  either  loosely,  or  made  to  adhere  by  a 
mixture  of  kaolin  and  sand,  or  it  sliould  int  left  connected 
with  it  from  the  very  beginning.  This  is  especially  appli- 
cable to  cast  pieces.  _The  crystal  glaze  is  now  applied  to 
this  attachment  irregularly  and  in  large  quantities.  After 
it  has  attained  the  proper  fluidity  it  flows  from  this  at- 
tached ring  over  the  vessel,  and  if  the  quantity  was4  prop- 
erly estimated,  it  develops  there  the  most  beautiful  crys- 
tals. By' means  of  the  section-cutting  disi-  the  atta(*hment 
is  now  cut  off  and  the  cut  surface  smoothed  by  polishing. 

Those  who  have  no  such  cutting  ajiparatus  will  do 
better  by  using  the  following  method,  because  the  striking 
or  breaking  off  of  the  attachment  by  meaus  of  tongs  often 
means  the  loss  of  the  vessel  itself.  The  mctluMl  just  de- 
scribed often  results  in  leaving  large  patches  of  the  vessel 
without  any  glaze  on  it,  be<*ause  the  glass  flux  running 
down  from  the  upper  tube  did  not  spread  properly  or  el«e 
separated  into  a  few  thin  streaks.  This  can  be  avoided  by 
first  applying  a  regular  ground  glaze,  whose  color  is  i*are- 
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fully  seleetM.  This  ground  glaze  jiiust  not  crystallize  at 
all  or  but  little,  but  otherwise  may  contain  a  small  percent 
of  rutile  and  coloring  oxide,  if  the  desired  shade  requires 
it.  The  rutile  may,  however,  also  be  disregarded  as  will 
Ik?  shown  farther  on.  This  ground  glaze  which,  of  course, 
contains  neither  vanadium,  nor  molybdenum  nor  tungsten, 
and  for  this  puri>ose  ought  to  be  somewhat  more  refractory 
than  that  of  the  real  crys^tal  glaze  applied  over  it. 

If,  while  perhaps  still  in  a  porous  condition,  a  stream 
or  drop  of  the  less  viscous  crystalline  gla/.e  begins  to  flow 
over  the  more  viscous  underglaze,  the  former  is  obstructed 
in  its  course,  forced  to  spread  in  all  directions,  and  finally 
after  reinforcement  have  ceased  to  come,  to  sink  into  the 
ground  glaze.  The  whole  process  may  be  plainly  observed 
in  the  muffle.  The  results  of  this  method  are  of  a  more  or 
less  acddental  nature.  Surfaces  that  are  (*overed  or  not 
covered  or  only  sparsely  covered  with  crystals,  appear  var- 
iously colored,  so  that  this  method  gains  considerably  in 
interest  and  makes  it  possible  to  attain  a  great  variety  of 
effects  that  are  also  exceedingly  charming. 

The  compositi<m  of  the  gixmnd  or  under-glaze  is  a 
matter  of  little  import,  especially  when  its  melting  point 
is  much  higher  than  that  of  the  crystal  glaze.  Glazes 
whose  melting  point  was  cone  4  were  found  to  be  quite 
serviceable.  If  the  melting  point  is  higlier  than  cone  4, 
tlien  as  a  rule  the  crystal  glaze  shivers,  perhaps  not  imm(*- 
diately,  but  after  a  little  while. 

The  second  method  makes  the  use  of  an  attached  ring, 
from  which  the  melted  crj-^^tal  glaze  runs  down  onto  the 
vessel,  unnecessary,  at  least  in  those  cases  in  which  re- 
fractory ground  glazes  are  used.  The  ground  glazes,  used 
in  almost  all  cases  in  an  unfritted  condition,  offer  sufficient 
resistance  to  prevent  the  too  rapid  down-flow  of  the  crystal 
glaze.  The  crystal  glaze  is  spread  irregularly  at  the  very 
top  of  the  neck  of  the  vessel,  and  from  there  it  is  allowed 
to  run  down. 

In  the  following  I  give  some  mixtures  of  ground  glazes 
together  with  some  crv>jtal  glazes  adapted  to  them,  with 
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whkh  I  had  very  satisfactx)ry  results. 
are: 

B  icx)    Glaze  Fritt   (A) 

3    Cobalt   OxMe 
10    Rutile 


113 


C 


100    Glaze  Fritt   (A) 
3     Manganese  Oxide 
10    Rutile 


113 


The  ground  glazes 


In  the  Seger  formula  they  are  as  follows : 


0.439  PbO 
0.132  NajO 
0.132  K?0 
0.123  CoO 
0.088  CaO 
0.088  BaO 


'O.263  B2O3 
^0.088  Al.Oa      hJ  0.383  TiO, 

2.369  SiOa 


O      0.50  PhO 
0.15  NaO 
0.15  K2O 
o.io  CaO 
o.io  BaO 


0.066  MnsOs 
o.ioo  AljOj 


0.300  H:0.i 
0.437  TiO: 
2. /CO  EiOa 


These  ground  glazes  when  colored  by  otlier  metallic 
oxides  may  be  increased  at  pleasure,  but  tiie  two  mentioned 
above,  and  espe-ially  C,  })rovefl  tliemselvs  quite  serAire- 
able.  I  used  with  tliem  the  foHowins:  t-.\teri'or  or  '*fiow 
lilazes:" 


100  Glaze  Fritt   (A) 

3  Cobalt   Oxide 

2  Ammonium  Vanadate 

15  Rutile 


120 


100  Glaze  Fritt    (  A ) 

3  Manganese  Oxide 

2  Ammonium  Vimadate 

15  Rutile 


120 


8 

100  Glaze  Fritt   (A) 

3  Uranium  Oxide 

2  Ammonium  Va.^iadate 

15  Rutile 


100  Glaze  Fritt   (A) 

3  Copper  Oxide 

2  Ammonium   Vr/iadate 

15  Rutile 


120 


120 
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This  series  can  be  increased  at  pleasure  by  the  intro- 
duction of  other  coloring  oxides,  except  chromium  oxide. 
They  may  be  increased  or  decreased  in  quantity,  several 
oxides  may  be  introduced  at  the  same  time,  or  they  may 
l>e  mixed,  one  with  the  other,  in  various  ratios.  Those 
mentioned  al>ove  yielded  the  best  results  however,  and  7 
and  9  were  especially  satisfactory.  The  others  will  be 
found  important  when  we  later  come  to  speak  of  reductions 
and  infiltrations. 

To  permit  a  comparison  between  the  two  ground 
glazes,  the  Seger  formulje  of  the  two  crystal  glazes  6  and  7 
are  sriven  below: 


0.437  PbO 
0.131  Na«0 

6  0.131  KvO 

0.127  CnO 
0.087  CaO 
0.087  BaO 

o.«;o  PbO 
0.15  K.0 

7  0.15  NasO 
o.io  CaO 
o.io  BaO 


0.087  AbOa 


f 


0.066  MriiOa 
0.087  AUOt 


2.357  SiOj 
0.571  TiOx 
0.262  B2O3 

0.026   VsOa 

2.700  SiOi 
0.654  TiOa 

0.300  B2O3 
0.030  VxOr. 


As  may  be  stnm  from  the  above,  the  flow  cr3'stal  glazes 
differ  frcmi  those  applied  directly  on  the  body  in  having  a 
smaller  quantity  of  titanic  and  vaaadic  acid. 

With  the  use  of  a  new  glajie  fritt,  which  proved  to  be 
still  better  adapted  to  the  production  of  crystal  glazes, 
experiments  along  this  line  entered  upon  a  new  stage  of 
development.    Here  is  the  formula : 


0.5  PbO 
0.2  XasO 
0.2  CaO 
0.1   KaO 


>-    0.1    AlaOa 


2.5  SiO, 
0.2  B2O3 


=  318.7  Comb.  Wt. 


The  batch  Aveight  being: 


10.60  Soda,  calcined 

38.20  Borax,  crystallized 

55.60  Feldspar 

20.00  Marble  dust 

114. 17  Red  lead 

114.00  Sand  from  Hohenbrcka,  or  Quartz 


352.57 
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The  follo^^ing  mixtures  were  tried: 


10 

J  00  Glaze  Fritt  D 

5  Copper  Oxide 

5  Ammonium  Vanadate 

15  Rutile 


125 


11 


100  Glaze  Fritt  D 

5  Manganese  Oxide 

5  Ammonium  Vanadate 

15  Rutile 


125 


121 


12 


13 


100 

Glaze  Fritt  D 

100 

Glaze  Fritt  D 

I 

Cobalt  Oxide 

I 

Uranium  Oxide 

5 

Ammonium  Vanadate 

5 

Ammonium  Vanadate 

15 

Rutile 

15 

Rutile 

121 


100 
2 

5 
15 

122 


14 

Glaze  Fritt  D 
Iron  Oxide 
Ammonium  Vanadate 
Rutile 


Numerous  others  were  also  tried,  but  they  did  not 
produce  even  approximately  the  results  attained  by  those 
given  above.  By  far  the  best  results  were  produced  in  this 
instance  also  by  the  oxides  of  copper  or  nuinganese,  or  the 
two  batchcH  10  and  11  containing  both,  or  mixtures  of  them 
in  varying  ratios.  The  others,  so  far  as  direct  results  for 
decoi"ative  purposes  are  (concerned,  play  but  a  minor  part, 
but  they  will  doubtless  prove  themselve:^  worthy  of  notice 
later.  For  the  purpose  of  com}>arison  with  preceding 
crystal  glazes,  I  have  expressed  the  glazes  10  and  11  in 
terms  of  the  St^er  formula : 


10, 


0.417  PbO  \ 

0.167  CuO  I 

0.167  CaO  >    o. 

0.166  XaaO  I 

0.083  K.Q  ' 


082  Al 


/  2.083  SiO, 

p.       J  0.498  TiOj 

'^»       ]  0.167  B,Oa 

(  0.057  VsOi 


0.500  PbO 
0.200  CaO 
11,      0.200  NazO 
o.ioo  K2O 


o.ioo  AUOb 
.101  Mn^Oa 


2.500  SiOi 
0.598  TiO, 
0.200  BsOi 
0.068  VcOs 
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It  will  be  seen  by  a  compapison  that  these  crystal 
glazes  do  not  differ  very  much  in  chemical  composition 
from  those  previously  given,  and  yet  the  results  in  the  two 
cases  were  entirely  different,  and  in  the  latter  were  even 
incomparably  more  beautiful. 

These  glazes  may  also  be  used  with  or  without  a 
ground  glaze,  but  it  is  better  to  use  one.  The  composition 
of  these  ground  glazes  and  their  coloring  is  a  matter  of 
little  importance  unless  H  happens  that  they  do  not  har- 
monize in  their  color  tones.  A  very  successful  ground  glaze 
was  obtained  by  the  following  mixture: 

TOO    Glaze  Fritt  A 

100    Mixture  containing  Iron  Oxide  (F) 
12    Rutile 


2X2 

The  mixture  containing  iron  oxide  (F)  is  an  imitation 
of  a  mineral  (diorite).  I  have  used  the  mixture  for  other 
purposes.     It  corresponds  to  the  formula : 


0.507  CaO    )  0.522  AUO,    ) 

F    0.348  MgO    }  >2. 

0.145  KaO     J  0.225  Fe^Os    J 


019  8102  =  284.33  Comb.  Wt 


and  is  obtained  by  the  batch  weights:   : 

80.-62  Feldspar 

19 -35  Zettlitz  Kaolin,  raw 

41.70  Sand  from  Hohenbocka 

36.00  Iron  Oxide 

50.70  Marble  Dust 

29.23  Magnesite 


335.52 


This  mixture  of  fritt,  iron  stain  and  rutile  was  used 
without  further  fritting,  and  for  this  reason  carbon  dioxide 
and  water  of  hydration  must  be  considered  when  calculat- 
ing into  other  batches.  The  above  mentioned  ground  glaze 
accordingly  corresponds  to  the  Seger  formula: 


0.307  CaO 

0.245  PbO 
E  0.177  MgO 

0.148  KjO 
0.074  XasO 
0.049  BaO 


^  0.310  AUOh 
0.115  FeaOs 


2.501  Si02 

0.257  TiOi 
0.147  BaOs 
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On  comparing  this  ground  glaze  \nth  the  two  given 
above,  it  will  be  seen  that  one  nifxy  move  within  rather 
wide  bounds  so  far  as  the  compositions  of  these  glas&es  is 
c-oncerned.  It  was  discovered  later  that  lead  oxide,  boric 
acid  and  not  even  titanic  acid  are  necessary,  but  that  every 
colored  or  uncolored  whiteware  or  stoneware  glaze  can  be 
coated  with  crj^^stal  glaze.  With  particularly  refractory 
ground  glazes  however  crazing  or  shivering  may  result. 
Very  peculiar  effects,  with  an  e»p<3cially  strong  develop- 
meu't  of  crystal  stars  were  obtained  on  a  ground  glaze 
having  the  following  composition : 


0.627  CuO 

G  0.224  CaO 
0.075  MgO 
0.074  K2O 


>     o.  149  AI2O3 


y 


1.306  SiOa 
0.124  TiOs 


according  to  the  batch  weights: 


53.49  Copper  Oxide 

22.40  Marble  Dust 

6.30  Magnesite 

^1.14  Feldspar 

19-35  ZKtlitz  Kaolin,  raw 

42.72  Sand  from  Hohenbocka 

9.92  Rutilc 


195.32 


In  this  case,  the  ground-glaze,  which  likewise  served 
other  jjurposc^  originally,  was  first  fused  on  separately, 
but  this  is  not  absolutelv  ncve-istirv.  It  was  not  covered 
Avith  the  crystal  glaze  Xo.  10,  containinir  copper  oxide, 
until  the  second  fire.  The  results  of  this  showed  for  the 
first  time  an  oi-msional  aUseuce  of  rvystals.  In  their  place, 
there  ai)peare(l  a  surface  which  showed  a  radiant  dirty 
gr(H*n  color  in  direct  light,  but  in  reflected  rays  showed  an 
intensely  lum'incms,  bright  green,  phorsphorescent  light, 
which  gained  for  it  the  name  ^'catseye  glaze."  This  will 
be  referred  to  again  later  on. 

A  most  peculiar  effect  was  obl.iined  »>n  the  following 
stoneware  glaze  (H),  free  from  boric  acid  and  titanic  acid, 
used  as  a  foundation  for  crvstal  glazes: 
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y    o., 


0.7  CaO 
H  0.2  K.0       y    0.4  AUO3       3.5  SiO, 

0.1  MgO 


This  flow^  smooth  even  at  con4.»  4,  and  corresponds  to 
the  following  batch : 

III.  2  Feldspar 

51.6  Zettlitz  Kaolin,  raw 

II 4.0  Sand  from  Hohenbocka 

70.0  Marble  Dust 

8.4  Magnesite 


(iround  and  crystal  glazc^s  were,  with  but  few  excep- 
tions (see  above),  always  fused  in  one  and  the  same  fire. 
In  dipping,  the  biscuited  vessel  was  first  covered  with  the 
ground  glaze  (H)  and  then  the  crystal  glaze  was  applied 
in  an  irregular  nmnnei'  on  the  upper  part  of  the  vessel  and 
on  the  top  of  the  grcmnd  glaze. 

Along  with  the  experiments  just  described  otliers  were 
being  carried  on  in  the  laboratory  of  tlie  lUmzlau  Teramic 
Technical  School,  some  of  which  produced  remarkable  re- 
sults as  shown  lielow.  In  one  case,  the  following  fritt  was 
used: 

0.367  PbO  \  I 

0.257  CaO  I  I    3.570  SiO.. 

I          0.179  KtO  >  C.300  A1,0,      < 

0.163  N'a=0  I  )    0.326  B.O3 

0.043  MgO  '  ^ 

This  was  used  cm  a  ground  glaze  having  the  following 
formnla : 

0.2  iMgO    / 
J  0.3  CaO         o.  AliO.,        5.0  SiOs 

0.5  KcO      ^ 

The  batches  for  these  two  glazt«s  are  respe(4ively : 
I  J 

99.52  Feldspar  27*^.0  Feldspar 

31.22  Zettlitz  Kacli^  raw  16.8  Ma«ynrsit? 

135.24  Sand  from   Hohenbocka  30.0  Marble  Dust 

62.27  Borax,  crystallized  25.8  Zettlitz  Kaolin,  raw 

83.77  Red  Lead  108.0  Sand  from   Hohenbocka 

25.70  Marble  Dust  

2.80  Magnesite  458.6 

440.58 
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From  a  large  number  of  experiments^,  only  a  selection 
of  those  that  gave  the  best  crystalline  glazes  will  be  men- 
tioned here.  They  differ  from  those  previously  mentioned 
in  that  they  contain  molybdic  acid  and  iron  oxide  along 
with  titanic  acid,  and  the  oxides  of  copper  and  manganese. 
This,  on  the  whole,  was  an  improvement.  Vanadic  acid 
was  abandoned  entirely.  The  colorless  ground  glaze  was 
completely  covered  with  crystal  glaze  in  every  case.  This 
developed  the  fact  that  the  crystal  glazes  containing  iron 
oxide  are  developed  better  without  a  ground  glaze,  but  that 
the  others  reqiiire  one.  The  following  mixtures  proved  to 
be  best  adapted  to  the  purpose : 


15 


16 


100 

Glaze  Fritt  I 

100 

Glaze  Fritt  I 

13 

Rutile 

13 

Rutile 

2 

Molybdic  Acid   (anhydrous) 

2 

Molybdic  Acid   (anhydrous) 

10 

Copper  Oxide 

10 

Copper  Oxide 

fys 

4 

3-5 

Iron  Oxide 

128. 5 


17 


IB 


100 

Glaze  Fritt  I 

100 

Glaze  Fritt  I 

13 

Rutile 

13 

Rutile 

2 

Molybdic  Acid   (anhydrous) 

2 

Molybdic  Acid   (anhydrous) 

10. 0 

Copper  Oxide 

10 

Copper  Oxide 

1.5 

Iron  Oxide 

4 

Manganese  Oxide 

1.5 

Manganese  Oxide 

I20 

127. 5 


The  addition  of  molylKlic  acid  tended  to  develop  crys- 
tal stairs  that  at  times  attained  a  diamett-r  of  from  20  to 
30  mm.  This  tendency'  on  the  part  of  molybdic  acid  was 
found  to  be  very  advantageous  provided  the  crystals  did 
not  become  too  large.  The  fundamental  color  with  15  was 
a  Aivid  green,  with  16  and  17  more  brownish,  and  with  18 
yellowish  green.  In  the  latter,  Avhich  was  the  most  beauti- 
ful, the  crystal  stars  at  times  showerl  a  blueish  fringe.  With 
others  the  above  mentioned  i)hosphores(ent  glow  was  evi- 
dent in  refle(*ted  light. 
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For  the  sake  of  comparison,  the  Seger  formulae  of 
these  four  glazes  are  herewith  given :  : 


15 


16 


17 


18 


0.330  CuO 
0.246  PbO 
0.172  CaO 
0.120  KaO 
0.109  NasO 
0.023  MgOJ 


^0.201  Al»Oa 


0.330  CuO 
0.246  PbO 
0.172  CaO 

O.I?0   K2O 

0.109  Na20 
0.023  MgOJ 


^0.201  AUOs 


0.330  CuO 
0.246  PbO 
0.172  CaO 
0.120  K2O 
0.109  NajO 
0.023  MgO. 


"  0.201  AUO« 


0.330  CuO 
0.246  PbO 
0.172  CaO 
0.120  K2O 
0.109  XaaO 
0.023  MgO  . 


2.392  SiOa 
0.036  M0O3 
0.218  B,0, 
0.427  TiOs 


2.392  SiOs 

0.427  TiO»        .  „    ^ 

^         Q  nn        ■*"°-^57  Fe.O. 
0.218  BzOs 

0.036  MoO« 


'2.392  SiOt 
0.427  TiOs 
0.218  B,Oa 
0.036  MoO» 


-ho. 067  MiitOs 


0.201  AUO» 
>■  0.025  FcjOs     - 
0.025  Mn»Oa 


2.392  SiO« 
0.427  TiOj 
0.218  BaO, 
0.027  MoO» 


The  crystal  glazes  containing  no  iron  oxide  are,  of 
course,  not  restricted  to  the  above  mentioned  ground  glaze 
J.  Any  other  may  be  used,  provided  it  is  more  refractory 
than  the  crystal  glaze. 

The  investigation  of  titanium  crystal  glazes  was  tak- 
ing another  step  fom^ard  in  an  independent  parallel  piece 
of  work  which  wrh  carried  on  in  the  laboratory  of  the 
Bunzlau  Ceramic  Technical  School.  This  i>roceeded  from 
a  composition  similar  to  glaze  I,  that  is  to  say,  a  glaze 
having  the  following  composition : 


0.36  PbO 
0.25  CaO 
0.17  NaaO 
0.12  K,0 
o.io  MgO 


h  0.28  AUOa 


3.50  SiO. 


0.34  BjO. 


=  382.46  Comb.  Wt. 
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of  which  the  baitch  weight  is 


8.40  Magnesite 

66.72  Feldspar 

1.28  Zettlitz  Kaolin,  raw 

147.60  Sand  from  Hobenbocka 

64.94  Borax,  crystallized 

25.00  Marble  Dust 

82.20  Red  Lead 


436.14 


This,  however,  was  divided  into  a  fritt  and  mill 
charge.  For  the  purpose  of  obtaining  an  easily  fusible 
fritt,  the  following  ingredients  were  taken  from  the  total 
charge  and  fritted : 

77.60    Sand  from  Hobenbocka 
64.94    Borax,  crystallized 
82.20    Red  Lead 


224.74 

This  corresponds  to  the  formula : 


0.679  PbO 

0.321  Na20 


\         2.440  SiOa 
i         0.642  BjOa 


For  the  mill  charge,  there  Avere  used  the  fritt  men- 
tioned and  the  remainder  of  the  ingredients,  as  follows: 

192.22  Fritt 

8.40  Magnesite 

66.72  Feldspar 

41.28  Zettlitz  Kaolin,  raw 

70.00  Sand  from  Hobenbocka 

25.00  Marble  Dust 


40362 


This  thoroughly  ground  mixtur  now  formed  the  base 
for  numerous  crystal  glaze  batches  of  which,  however,  only 
the  following  two,  l)eing  the  best,  will  be  mentioned: 


19 

100.00  Glaze  K 

10.80  Rutile 

10.00  Copper  Oxide 

2.80  Manganese  Oxide 

1.32  Tungstic  Acid 

2.00  Molybdic  Acid 


20 

I 00 .00  Glaze  K 

12.00  Rutile 

10.00  Copper  Oxide 

2.80  Iron  Oxide,  bydrous 

0.15  Tungstic  Acid,  anbydrous 

1.32  Manganese  Oxide,  hydrous 


126.92 


126.27 
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In  the  Seger  formula  these  appear  as  follows : 


19 


0.333 
0.240 
0.167 

0.113 
0.080 
0.067 


CuO 
PbO 
CaO 
Na,0 

MgO  J 


0.187  AlsOs 
0.048  Mn.Oa 


20 


0.333  CuO 
0.240  PbO 
0.167  CaO 
0.1 13  NaaO 
0.080  K,0 
0.067  MgO . 


0.187   AlaOa 

0.017  MniO« 
0.047  FcsOg 


f  2.332  SiO, 
0.015  WO, 
0.037  MoOs 

0.227    BiOa 

.0.363  TiO, 

2.332  SiOj 
0.403  TiOa 
0.227   BaOs 

o.ooi  WO» 


Both  jrlazes  gave  best  results  Avheii  they  Avere  burned 
>\ithout  a  ground  glaze  at  a  temperature  of  cone  7  in  the 
high-temperature  muffle.  This  is  quite  permissible,  be- 
c*au«e  they  are  naturally  rather  viscous.  No.  19  is  not 
glossj^,  but  rather  semi-suMued  in  ?ppearance,  and  by  this 
very  fact  creates  a  peculiar  effect.  On  u  reddish-brown 
ground  glaze  punctuated  with  brownish-black  dots,  are 
developed  numerous  crystal  stars  which  sometimes  unite 
to  form  larger  groups  that  have  v  bronze  like  hue.  The 
isolated  ones  are  sometimes  sun'ounded  by  a  ^rteel  gray, 
finely  feathered  ring  that  generally  shows  a  somewhat 
fringed  edge  so  that,  as  a  whbl(»,  they  give  the  impression 
of  small  flowers  of  the  nature  of  sunflowers.  If  (20)  is 
usc^d  as  a  ground  glaze,  and  a  somewhat  higher  temperature 
applied,  then  the  glaze  turns  out  glossy,  is  of  chocolate 
brown  color,  and  generally  develops  only  scattered  fine- 
fibred  crystal  stars  with  a  brown  center  and  a  scarcely 
visible  narrow,  steel-gray  ring. 

Glaze  20  behaves  quite  diflPerently,  although  it  does 
not  essentially  differ  from  19  in  its  chemical  composition. 
With  a  sui*cessful  development,  which,  however,  does  not 
always  take  place,  it  is  to  be  l(M)ked  upon  as  the  most  beau- 
tiful of  all.  It  does  not  always  show  up  with  equal  beauty, 
not  even  with  conditions  that  are  seemingly  identical.  In 
reflected  light  the  very  glossy  brownish-green  foundation 
shows  a  yiagnificent  phosphorescence  in  every  instance. 
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even  when  few  or  no  crystal  stars  appear.  This  phosphor- 
escence, however,  varies  in  degree  and  Avith  the  different 
vessels.  It  decreases  with  increasing  temperature,  but  is 
never  absent  entirely.  In  this  foundation,  bronze-colored 
crystals  of  extreme  delicacy  appear  that  have  an  ever 
changing  play  of  colors.  They  generally  unite  at  the  lower 
part  of  the  vessel  to  form  larger  groups,  but  they  also 
appear  as  individuals  and  then  attain  a  size  up  to  2  cm. 
diameter.  Where  the  crystals  appear  in  crowded  groups, 
the  gloss  of  the  glaze  is  affected  but  little  and  that  little 
is  scarcely  noticeable,  as  is  the  case  with  all  other  glazes. 
Prosphorescence  in  reflected  light  is  confined  to  those  sur- 
faces that  show  no  crystals. 

The  manner  of  production  of  the  crystal  glazes  last 
described  gave  occasion  for  tests  with  several  easily-fusible 
fritts  with  which  white  ware  glazes,  whose  fusing  point  is 
not  above  cone  4,  were  used  as  mill  charges  and  liiith  the 
addition  of  rutile,  copper  ox?ide  and  manganese  compounds 
together  with  small  quantities  of  molybdic,  tungstic  and 
vanadic  acids.  These  frits  were  tested  as  to  their  adapta- 
bility to  crystal  glazes  and  promising  results  were  ob- 
tained, as,  for  instance  liiith  the  fritt : 


0.5  PbO 

0.4  Na,0  [2.5  SiO, 

O.I  CaO 


I 


obtained  from 


10.00  Marble  Dust 

42.40  Soda«  calcined 

114.08  Red  Lead 

115.00  Sand  from  Hohenbocka 


281.43 

and  the  stoneware  glaze  (H)   before  given.     There  were 
mixed  for  the  crystal  glaze 

100. o  Fritt 

100. o  Stoneware  Glaze  H 

25.3  Rutile 

21. 1  Copper  Oxide 

5.6  Iron  Oxide  (hydrous) 

2.8  Manganese  Oxidee  (hydrous) 

4.2  Tunstic  Acid  (anhydrous) 

259.0 
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The  glaze  was  applied  without  a  ground  glaze.  The 
burning  temperature  reached  the  point  of  cone  7.  The  best 
results,  however,  were  obtained  at  the  temperature  of  cone 
9.  Beautiful  results  were  also  obtained  by  using  it  as  the 
ground  glaze,  and  having  it  overflown  by  crystal-glaze  10. 
In  this  case  the  temperature  of  cone  7  is  quite  adequate. 

In  one  instance  beautiful  and  large  crystal  stars  were 
obtained  with  a  raw  glaze  having  the  composition 

O.I  K,or-^  ^^'^'     ^-^  ^'^' 
obtained  from  a  mixture  of 

55.6    Feldspar 
200.7    Lead  Oxide 
84.0    Sand  from  Hohenbocka 

\iith  the  addition  of  10%  rutile  and  2%  ammonium  vana- 
date, at  a  burning  temperature  between  cones  4  and  7.  On 
reduction,  these  crystals  have  a  metallic  gray  appearance. 
No  ground  glaze  A^'as  u«ed. 

It  must  be  admitted  that,  generally  speaking,  the  suc- 
cess of  titanium  crystal  glazes  depends  n\Km  a  numbel*  of 
things  of  an  accidental  nature.  It  is  not  merely  a  question 
of  the  themical  compoedtion  of  the  glaze,  as  is  frequently 
the  case,  e.  g.,  in  Chinese  red,  but  the  purely  mechanical 
features  play  an  important  part,  as  for  instance  the  nature 
of  the  fritt  and  of  the  admixtures.  According  to  my  ex- 
perience it  is  not  adA'isable  to  fritt  in  the  rutile  and  the 
metal  oxides.  The  burning  apparatus,  the  duration  of 
burning,  draft,  height  of  temi)erature,  fuel  and  many  other 
things  are  of  decisive  importance.  It  i«  by  no  means  an 
unimportant  factor,  for  instance,  whether  the  same  fuel 
is  used  in  a  moist  or  dry  condition.  It  may  occur  that 
results  that  were  easily  obtained  in  every  instance  months 
ago,  on  repetition  can  not  again  be  obtained.  The  reverse 
is  also  true.  Glazes  that  for  some  reason  had  been  rejected 
suddenly  produce  the  finest  effects,  because  some  one  of 
the  factors  co-operating  in  the  results  has  changed  mean- 
while, and  the  change  has  not  been  observed  by  the  experi- 
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mentor.  Occasionally  the  crystallization  of  the  same  glaze 
will  fail  entirely  to  materialize  under  seemingly  the  same 
conditions,  and  in  other  cases  it  will  occur  in  superabun- 
dance without  any  apparent  cause.  Occasionally  the  burn- 
ings will  be  a  complete  failure  without  any  change  in  the 
glazez  or  the  process  having  been  consciously  made.  Even 
\iith  good  success  almost  every  burning  shows  a  different 
result,  which  fact  is  a  constant  stimulus  to  every  new 
experiment.  Althoug^h  the  oxides  of  copper  and  manganese, 
and  their  mixtures  have  as  vet  vielded  almost  the  only 
pronounced  results,  there  is  absolutely  no  cause  to  fear 
monotony,  especially  as  variety  may  be  produced  by  several 
very  simple  methods  of  procedure,  as  will  be  shown  farther 
on.  A  method  for  the  decoration  of  large  articles  will, 
therefore^  never  be  derived  from  the  technique  of  titanium 
crystal  glazes.  Nor  is  this  at  all  necessarj^,  for  this  would 
be  quite  out  of  keeping  with  its  character. 

I  found  the  fine  stoneware*  a  verv  satisfactorv  base 
for  all  kinds  of  decorations  produced  by  the  agency  of  fire^ 
whatever  may  be  the  particular  ceramic  technique.  It 
served  as  the  base  of  the  crvstal  clazes  in  all  the  work 
mentioned  al)ove.  The  bodv  fracture  is  rather  dense  and 
gray  at  a  temperature  as  low  as  cone  4  to  7.  At  a  somewhat 
higher  tempenlture,  cone  9,  this  color  (^hanges  to  a  light 
bluish  gray  and  the  body  now  rinses  clear  and  is  dense. 
In  the  commercial  kilns,  complete  maturity  comes  at  cone 
7.  The  body  stands  however  at  even  higher  temperatures, 
but  not  without  showing  the  phenomena  of  an  increasingly 
vesicular  structure.  This,  as  is  well  known,  is  quite.  <^^ni- 
mon  in  bodies  that  are  high  in  flint.  The  fnsing  point  is  at 
cone  27.  The  number  of  glazes,  enamels,  colors  and  en- 
gobes,  et<'.,  that  the  body  carries  without  crazing  is  legion, 
as  are  also  the  decorative  possibilities.  The  natural  silver 
gi'ay  color  does  not  a(*t  as  a  disturbing  element,  but  with 
proper  surroundings,  and  in  appropriate  setting,  the  effect 

*Stoneware  in  Germany  is  not  the  same  as  the  stoneware  in  the 
United  States.  In  Germany  they  use  a  blended  body  as  will  be  seen  by 
description  later  in  this  paper. 
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is  extremely  distinguished.  Tlie  fine  grtoneware  is  the  ma- 
terial which  oqers  the  artist  his  best  field,  as  it  does  not 
detra<*t  from  the  pleasure  in  the  work  by  too  freqeunt  fail- 
ures. The  composition  of  the  fine  3t;one^"5ire  body  used  by 
me  for  years  with  the  best  success  is  as  follows: 

45.00    Clay  Substance 
43.00    Quartz 
12.00    Feldspar 


100.00 


The  clay  is  obtained  by  a  rather  careful  washing 
whereupon  the  other  substances,  in  finely  ground  condi- 
tion, are  added  and  mixcni  thorougihly.  The  mass  may  also 
be  obtained  by  grinding  together  the  constituents  in  the 
ball  mill  for  several  hours,  the  degree  of  flneneas  desired 
dtermining  the  time.  The  unwash(^d  crude  clay  alone  can 
be  used  to  advantage,  because  the  materials  which  it  carries 
by  nature  are  thoroughly  pulverized  and  hence  have  no 
harmful  influences,  but  rather  they  afford  an  opportunity 
to  save  material  that  would  otherwise  have  to  be  added. 

The  calculation  of  the  body  mixture  is  based  upon  the 
rational  analysi>s.  The  result  of  the  mixtures  made  is 
controlled  from  time  to  time  bv  chemical  analvsis. 

According  to  the  kind  of  clay  used,  this  body  may  be 
used  for  every  kind  of  casting  work,  or  it  puts  diffl(*ulties 
in  the  wslj  of  this  process.  Because  of  its  great  plastitaty, 
which  is  considerably  increased  on  ageing,  It  is  adapted  to 
all  kinds  of  turning  and  pressing  as  well  as,  or  even  better 
than,  any  white  ware  body.  This  is  especially  true  for 
turning  with  the  free  hand  (throwing). 

The  (^rj'^tal  glazes  descrirl>ed,  may  of  course,  Ik*  applied 
to  any  other  body  of  suflficieiit  strength,  whose  maturing 
temeprature  lies  within  the  limits  of  cones  4  and  10.  White 
ware,  however,  is  practically  excluded.  The  insufficient 
amount  of  fluxes  in  the  wh'iteware  body  is  unable  to  ofl'er 
suffici^^nt  resistance  to  the  tension  caused  by  the  glazes. 

It  mu«t  be  said  in  advance  with  reference  to  the  burn- 
ing of  crystal I'^^azes  that,  without  pxception,  they  fail  of 
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production  in  the  burning  process,  continuing  for  hours  in 
the  commercial  kilns.  Neither  the  magnificent  color  ef- 
fects, nor  crystals,  nor  any  other  charming  phenomena  can 
be  realized  in  this  manner.  Rather  is  it  necessary  that  the 
fusion  of  crystal -glazes  take  place  quite  rapidly  in  a  fire 
that  is  as  neutral  as  possible,  that  is,  in  a  fire  that  is 
neither  predominantly  oxidizing  nor  predominantly  re- 
ducing. It  is.  also  necessary  that  the  cooling  take  place 
rapidly.  This  statement  seems  to  controvert  experience. 
I,  too,  thought  that  careful  cooling,  prolonged  as  much  as 
possible,  would  be  advantageous  to  the  process  of  crystal 
formation,  but  I  changed  my  opinion  when,  at  a  burning, 
I  convinced  myself  that  the  perfect  and  finished  crystals 
covered  the  vessel  even  during  the  Isst  stages  of  the 
burning. 

Oystals  appear  rather  at  a  definite  stage  of  the  burn- 
ing, just  as  Chinese  red  does.  Others  again  disappear 
when  the  temperature  is  forced  still  higher.  In  experi- 
ments with  new  glazes,  it  is  well,  therefore,  to  illuminate 
the  interior  of  the  muffle,  by  means  of  a  burning  splinter 
from  time  to  time,  as  the  burning  progresses,  to  satisfy 
one's  self  of  the  state  of  affairs  and  be  guided  accordingly. 

Dr.  Heinecke  described  an  apparatus  that  is  well 
adapted  to  such  a  firing- technique,  in  Tonindustrie-Zeitung 
(page  8  of  the  reprint).  It  is  a  so-called  high-temi)erature 
muffle.  This  burning  apparatus  is  especially  adapted  for 
fine  ceramic  work.  It  can  be  used  with  safetv  for  everv 
temperature  up  to  about  cone  10,  and  can  be  regulated.  It 
does  not  lend  itself  to  the  burning  of  many  or  of  large 
pieces,  but  that  is  not  necessary,  for  reasons  discussed 
above.  It  does,  however,  permit  the  rapid  attainment  of  a 
comparatively  high  temperature  by  a  fully  developed 
flame.  This  makes  it  possit)le  to  obtain  magnificent  glazes, 
whose  beauty,  obtained  in  the  first  stage  of  maturity,  is 
lost  by  protracted  burning  in  the  commercial  kilns. 

The  duration  of  burning  up  to  cone  10  is  approxi- 
mately but  3%  hours.  Such  a  high  temper^^ture  could,  of 
course,  be  attained  much  sooner  by  using  electric  ovens  or 
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coke  muffles  in  connection  with  a  blast,  but  this  would  pro- 
duce no  glazes,  at  least,  no  serviceable  and  pretty  ones.  To 
secure  these,  the  flame  is  actually  indispensable.  A  strong 
draft  is  required  in  using  this  muffle.  This  is  best  obtained 
by  means  of  a  high  chimney.  The  regulating  can  be  done 
by  means  of  a  damper,  and  also  by  the  admission  of  more 
or  less  outside  air  .to  the  chimney,  if  the  di-aft  is  too  strong. 
Finely  split  pine  wood  served  as  fuel,  but  lignite  may  also 
be  used  or  a  mixture  of  lignite  and  bituminous  coal  or  bi- 
tuminous coal  alone.  In  this  case,  however,  the  more 
strongly  reducing  properties  of  coal-fire  must  be  taken  into 
account. 

A  detailed  description  of  the  Heinecke  high-fire  muffle 
is  not  necessary  because  of  the  above  reference  to  the  pub- 
lication in  which  it  mav  be  found  with  sketches  and  meas- 
urements. 

Finally,  I  desire  to  call  attention  to  two  highly  inter- 
esting methods  for  increasing  variety  in  decoration,  which 
at  times  produce  surprising  results.  There  are  the  com- 
monly known  reduction  method,  and  the  infiltration 
method  or  vapor  glazing,  which  is  less  known  and  used 
and  is  accompanied  with  less  reduction  and  which  will  be 
described  below: 

Reduction  may  be  used  in  several  ways.  It  may  be 
used  at  a  higher  or  a  lower  temperature,  depending  upon 
the  greater  or  less  effects  that  are  desired.  But  even  with 
higher  temperatures,  reduction  must  take  place  only  when 
the  glaze  on  the  surface  is  already  hardened,  otherwise  the 
glass  coating  will  readily  puff  up  and  be  destroyed.  At 
high  temperatures,  copper  oxide  is  practically  completely 
reduced,  and  is  transformed  either  into  metal  or  cuprous 
oxide.  The  crystal  stars  are  not  injured  in  the  least  in 
this  process,  nor  does  the  gloss  of  the  glaze  suffer.  The 
crystals  appeared  in  a  far  more  pronounced  character, 
passing  through  darker  and  bright  patches  and  through 
variously  nicely  shaded  colors.  If  the  crystal  glaze  con- 
tains manganese  in  addition  to  copper  oxide,  then  it  hap- 
pens riot  infrequently  that  the  center  of  the  crystal  stars 

C.  S.— 13 
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are  colored  bright  red,  while  the  periphpery  remains  dark. 
A  very  peculiar  and  charming  play  of  colors  is  brought 
about  if  a  little  cobalt,  uranium,  iron,  or  nickel  oxide  are 
present  in  conjunction  with  the  oxides  of  copper,  manga- 
nese, and  titanium. 

In  this  reduction  at  high  temperature,  some  care  must 
be  taken  that  the  reduction  is  not  carried  too  far,  or  the 
metallic  copper  or  cuprous  oxide  will  become  too  pro- 
nounced on  the  surface.  It  is  necessary  that  they  remain 
covered  by  the  glass,  or  the  well  known  phenomenon  of  the 
gradual  fading  and  disappearing  of  the  fiery  luster  in  the 
air,  especially  in  sunlight,  will  readily  take  place.  It  is 
not  easy  to  keep  the  reduction  within  the  proper  bounds, 
especially  when  a  very  strong  reducing  agent  is  used  at  a 
high  temperature.  If  the  reduction  takes  place  at  a  lower 
temperature,  the  process  produces  beautiful  and  perma- 
nent effects,  and  does  not  produce  the  brilliant  though 
temporary  results  just  noted. 

I  have  carried  on  the  reduction,  or  have  had  it  carried 
on  in  the  following  manner :  After  the  muffle  has  cooled 
off  for  about  three-quarters  of  an  hour,  small  split  splinters 
of  pine  wood  were  thrown  in  periodically  through  the  peep- 
hole, provided  for  by  an  opening  in  the  muffle,  and  this 
treatment  was  continued  with  decreasing  numbers  of 
splinters  until  the  temperature  had  fallen  to  a  red  heat. 
If  it  is  the  intention  to  reduce  at  low  temperature,  then 
the  reduction  must  begin  much  later,  say  at  950  C  or  lower, 
cone  010,  but  then  it  must  be  carried  on  energetically  and 
continued  until  the  muffle  becomes  dark.  The  trouble  with 
this  method  is  that  without  a  pyrometer,  one  is  frequently 
deceived  concerning  the  temperature  prevailing  in  the 
muffle,  and  for  that  reason  produces  a  failure. 

The  following  method,  however,  always  produced  sure 
results:  Weigh  a  quantity  of  pine  wood  sawdust  and 
spread  it  on  the  floor  of  the  muffle,  between  inserted  fire 
brick  supports.  On  these,  place  a  fire  clay  plate,  so  that  it 
will  be  borne  by  the  supoprts  when  the  sawdust  is  burned. 
On  this  plate,  place  the  objects  to  be  reduced.    These  may 
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be  selected  specially  for  this  purpose,  and  may  be  the  pro- 
duct of  any  prvious  burning  in  an  oxidizing  fire.  The 
mui&e  is  closed  and  slowly  ^flred.  As  soon  as  the  walls 
begin  to  glow^,  the  products  of  distillation  are  developed 
from  the  sawdust.  The  slow  firing  ife  continued  until  the 
gases  ignite  of  themselves  when  air  enters  on  opening  the 
peephole,  which  must  be  done  with  caution.  Then  the  fire 
in  the  kiln  is  extinguished  at  once,  and  with  closed  drafts, 
everything  i«  left  to  itself.  Continued  heating  would  surely, 
result  in  the  puflSng  up  and  complete  destruction  of  the 
glaze  layer^  According  to  results,  the  weight  of  the  reduc- 
ing agent  must  be  increased  or  diminished,  and  the  quan- 
tity adapted  to  any  particular  glaze  will  soon  be  found. 

What  ha«  been  said  here  is  bv  no  means  to  be  inter- 
preted  as  intimating  that  illuminating  gas,  petroleum,  oil, 
resin,  oxalic  acid,  carbonic  oxide,  etc.,  are  not  just  as  well 
suited  to  the  purpose  as  pine  shavings  or  pine-wood  saw- 
dust, or  those  other  varieties  of  wood.  1  merely  make 
mention  of  the  method  that  was  used  by  me  with  advan- 
tage. 

The  most  charming  productions  were  obtained  how- 
ever 'by  the  method  of  infiltration — a  process  related  to 
reduction  and  which  possibly  has  some  connection  with 
weak  reduction  effects,  but  w  hich  never  leads  to  the  reduc- 
tion of  copper  silicate.  The  method  was  %\'orked  out  from 
certain  scattered  statements  in  literature  concerning  the 
possibility  of  coloring  certain  crystalline  rocks,  crystals, 
gems,  etc.,  with  organic  matter.  This  led  to  the  thought 
that  it  might  be  possible  to  saturate  the  extremely  small 
spaces  and  interstitial  laminations  of  the  individual  crys- 
tals, which  might  be  accessible  from  without,  with  some 
organic  liquid,  and  in  this  manner,  perhaps  together  with 
slight  reduction,  secure  decorative  effects  of  peculiar  kinds. 
Surprising  and  successful  results  were  obtained  by  the 
following  method  of  procedure : 

The  object  experimented  upon,  coated  with  a  crystal 
glaze  was  placed  in  a  suflSciently  wide,  cylindrical  pot 
made  of  soft-burnt  clay  or  fire  brick.    It  was  placed  in  the 
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center  of  this  pot,  and  not  only  imbedded  in  and  surrounded 
with  sawdust  firmly  tamped,  but  also  covered  with  a  thick 
layer  of  sawdust.  The  pot  was  then  closed  with  a  lid  luted 
on  with  clay  (loam),  placed  in  the  muffle  and  slowly  heated. 
As  soon  as  the  walls  and  floor  of  the  muffle  begin  to  glow, 
the  evolution  of  the  products  of  distillation  from  the  pot 
begin, and  escape  from  under  the  lid.  As  soon  as  these  ignite 
because  of  the  air  streaming  in  at  the  peep-liole  (Caution !) 
the  flre  on  the  grates  is  extinguished  immediately,  and  the 
tiln  left  to  itself.  On  cooling,  the  vase  Is  found  to  be 
encased  in  the  finest  charcoal,  and  partly  covered  by  a 
layer  of  carbonized  tar,  which  may  easily  be  removed  by 
rubbing  with  sand  or  washing  with  turpentine.  The  gloss 
of  the  glaze  has  not  changed,  but  the  whole  appearance  of 
the  crystal  glaze  has.  It  has  i)ecome  more?  transparent,  as 
it  were,  towards  the  bottom.  It  seems  as  if  the  crystal 
dtars  no  longer  lie  in  one  and  the  same  plane,  but  rather  in 
several.  They  have  become  clearer,  more  plastic,  and  be- 
cause of  that  more  interesting.  It  seems  as  if  one  is  no 
longer  dealing  with  a  thin  layer  of  glaze,  but  rather  with 
a  furbished,  polished  crystalline  rock.  The  most  charming 
thing  of  all,  however,  is,  that  a  wonderful  play  of  colors,  in 
the  most '  delicate  graduation  of  shades  and  merging  of 
one  into  the  other  has  appeared.  This  is  especially  true 
of  those  crystal  glazes  that  have,  as  a  background  a  colored 
ground  glaze,  and  in  which  many  coloring  oxides  were 
used,  especially  the  oxides  of  cobalt,  uranium,  nickel  and 
iron,  but  always  in  very  small  quantities.  Uranium  oxide, 
especially,  which  after  the  vapor  process  shows  a  most 
delicate  gold  color,  now  gives  to  the  whole  a  much  more 
animated  appearance  by  virtue  of  its  delicate  shadings. 
(Se(3'  glazes  6  and  8,  a«  well  as  12,  13  and  14).  Color 
eflfects  are  produced  by  this  method  such  as  are  impossible 
by  other  methods  with  the  aid  of  fire  ternnique.  I  hope 
that  many  persons  who  are  interested  in  and  enthusiastic 
over  the  possibilities  of  crystalline  glazes  will  find  a  valu- 
able hint  in  this  communication. 

This  method  has,  ho^^ever,  at  least  one  disadvantage. 
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The  walls  of  the  vessel  within  the  bed  of  sawdust,  the  latter 
being  not  uniformly  thick  and  a  poor  conductor  of  heat, 
will  probably  not  be  heated  uniformly.  The  vessels  of  fiije 
stoneware  therefore  occasionally  came  out  cracked,  w^hile 
those  of  coarser  material  stood  the  process  well.  For  the 
former,  the  process  of  placing  the  vessels  over  a  bed  of 
sawdust  covered  by  the  firebrick  plate,  as  described  above 
under  the  reduction  process  for  crystal  glazes,  was  used, 
but  the  heating  was  not  carried  too  far — only  to  the  point 
of  giving  off  products  oif  distillation.  This  process  proved 
to  be  similar  to  the  infiltration  method  to  a  certain  degree, 
but  the  most  beautiful  and  delicate  results  were  always 
obtained  from  the  vapor  treatment  in  the  pot.  Even  at 
present,  I  am  engaged  in  developing  this  latter  method,  so 
that  injury  to  vessels  to  be  treated,  which  are  often  of  great 
value,  may  be  reduced  to  a  minimum. 

For  purpose  of  comparison,  I  again  give  below  the 
three  crystal  glazes  that  contain  copper  oxide  as  the  color- 
ing agent,  and  which  gave  the  most  reliable  results.  They 
are  give  in  the  order  of  their  gradual  development,  down 
to  the  best  results  to  date. 


10 


0.396  PbO 
0.209  CuO 
0.1 19  Na-O 
o.iiig  K,0 
0.079  BaO 
0.079  CaO 

0.412  PbO   \ 
0.176  CuO    I 
0.165  CaO    > 
0.16s  Na20  I 
0.082  K2O    / 


0.079  AI2O3 


0.082  AUOj 


2.137  SiOi 
.(0.518  TiO, 
0.237  B2O. 


2.059  SiOa 

0.491  TiOa 
0.165  BaO. 

0.060  VsOn 
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c^333  CuO 
0.240  PbO 
0.167  CaO 
0.1 13  Na20 
0.080  K2O 
0.067  MgO 


0.187  AI2OS 

0.047  FCaOs 

0.017  MngOj 


2.332  SiOa 
0.403  Ti6« 

0.227   BaOa 
O.OOI    WO3 


True  to  my  original  intention,  1  refrain  from  making 
any  theoretic  speculations.  •  This  is  the  only  advisable 
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course,  since  there  is  not  vet  sufficient  material  at  hand 
for  such  speculations.  All  preconceived  theoretical  opin- 
ions on  the  underlying  laws  of  these  processes  have  always 
been  crossed  by  new  facts,  which  arose  quite  unexpectedly, 
and  which  could  not  be  brought  into  hannony  with  them. 
Theories  that  do  not  work  out  are  not  only  of  no  good  but 
rather  cause  confusion.  In  the  following  propositions  I 
wish  to  gather  together  the  results  of  the  work  as  de- 
scribed in  this  article,  but  by  no  means  do  1  wish  to  assert 
that  they  are  of  universal  validity. 

(1)  It  is  not  advisable  to  fritt  titanic  acid  or  rutile. 
This  is  also  true  of  the  metal  oxides  and  other  admixtures. 

(2)  Glazes  containing  copper  and  manganese  oxide 
or  mixtures  of  both,  give  the  best  results. 

(3)  Crystals  are  developed  to  the  best  advantage  at 
temperatures  between  cone  4  and  7. 

(4)  Small  additions  of  vanadic,  molybdic,  and  tungs- 
tic  acid  promote  the  development  of  crystals,  but  their 
effect  is  not  the  same  in  all  cases.  In  each  individual  case, 
it  must  be  determined  which  one  of  the  three  acids  exercise 
the  best  influence,  Small  quantities  of  iron  oxide  have  like- 
wise frequently  a  surprisingly  favorable  effect. 

(5)  The  influence  of  a  ground  glaze  upon  the  devel- 
opment of  the  crystal  glaze  is  but  trifling.  Frequently  it 
even  contributes  considerably  to  the  favorable  development 
of  the  latter. 

(6)  It  is  advantageous  to  use  a  very  easily  fusible 
fritt  and  to  charge  it  rather  heavily  with  raw  metallic  ox- 
ides, rutile,  etc.,  as  well  as  with  those  raw  substan'ces  that 
are  required  for  a  proper  glaze  formation.  The  formation 
of  crystals  seems  to  depend  not  only  upon  the  chemical 
composition  of  the  ghize,  but  also  on  certain  external  de- 
tails, as  for  instance,  the  solvent  power  of  the  fritt,  etc. 

(7)  Fine  stoneware  is  especially  well  adapted  as  a 
base  for  the  production  of  rutile  crystal  glazes. 

(8)  For  the  production  of  pretty  titanium  crystal 
glazes,  a  rapid  rise  of  temperature  to  the  maturity  of  the 
body  is  required.    Slow  cooling  does  not  seem  to  be  neces- 
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sary,  since  the  requirements  for  crystal  formation,  as  well 
as  the  crystals,  are  already  present,  if  at  all.  Rather  is  it 
necessary  to  determine  the  period  of  the  beginning  of  crys- 
tal formation  and  to  regulate  the  burning  accordingly. 
Strongly  reducing  fire  gases  are  to  be  avoided,  but  strongly 
oxidizing  ones  also  act  unfavorably. 

(9)  The  effects  of  reduction  are  variously  manifested 
according  to  the  temperature  prevailing  during  the  reduc- 
tion. It  must  never  be  b^un  before  the  glaze  on  the  sur- 
face has  become  hard. 

(10)  By  the  process  of  infiltration  or  vapor  treat- 
ment color  schemes  and  effects  mav  be  obtained  that  are 
hard  to  duplicate  by  other  processes. 


A  CHEAP  ENAMEL  FOR  STONEWARE. 

BY 

K.  T.  Stull,  Urbana,  111. 

The  abject  of  this  work  was  to  investigate  scune  of  the 
I>ossibilities  of  producing  a  cheap  enamel,  primarily  for 
the  improvement  of  the  better  grades  of  stoneware,  and 
secondly,  cheap  enamels  for  other  purposes*  at  temperatures 
lower  than  those  required  for  the  stoneware  industi*y.  The 
main  object  sought  for  was  an  enamel  which  would  be 
whiter  and  better  than  the  commercial  stoneware  glaze; 
something  on  the  order  of  a  tin*  enamel  in  appearance, 
though  much  cheaper. 

No  special  field  was  plotted  for  investigation.  The 
method  first  adopted  for  carrying  out  the  work  was  to 
make  up  a  series  of  glazes,  then  select  the  most  promising 
one,  after  firing,  for  the  upper  member  of  the  next  series, 
and  continuing  thus. 

The  method  of  preparing  and  applying  each  glaze  in 
this  work  was  the  same,  so  as  to  obtain  an  accurate  com- 
parison of  results  in  so  far  as  mechanical  and  physical 
application  was  concerned.  The  batch  weight  of  each  glaze 
was  calculated  from  its  respective  formula,  weighed  sep- 
arately, (500  gm.),  ground  wet  for  two  hours  in  a  small 
porcelain  ball  mill,  passetl  through  a  100  m(*sh  sieve,  placed 
in  a  Mason  jar,  allowed  to  settle  and  the  water  decanted. 
Sufficient  water  was  then  added  in  order  to  "set''  the  glaze 
at  1.5  B.  &  L.  hydrometer  (equal  to  about  48  to  52 
Beaume).    Each  glaze  was  then  ready  for  dipping. 

Trials  were  made  from  ready  prepared  stoneware  clay 
from  Monmouth,  111.  A  test  showed  that  the  clay  when 
made  into  slip  form  readih"  passed  a  60  mesh  screen"  but 
left  quite  a  residue  of  dark  colored  granular  particles  on 
the  100  mesh  screen. 
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The  trial  pieces  were 

!  made  in  the  form  of  small 

,  "milk"    crwks    3"    across 

the    top    and    11/2"    high. 

These  were  made  in  plaster 

molds  on  a  jigger  and  flu- 

,  ished  outside  on  a  "potter's 

chum." 

The  trials  i\ere  dipped 
in  the  bone  dry  condition, 
each  piece  being  immersed 
in  the  gJaze  about  2V3  sec- 
onds. The  dipped  pieces 
were  then  placed  on  a  pot- 
ter's wheel,  the  glaze 
turned  off  from  the  rim 
and  shoulder  and  the 
pieces  nested  in  "fives"  for 

Trial  pieces  nested  in  "Fives"  ready      «^tt'"g  i"  saggers. 

for  the  Sagger'  I"  order  to  determine 

the    relative    fusibility    of 

the  glazes,  cones  were  made  from  each  mixture  and  the 

bending  points  or  softening  temperatures  deferminetl  bj 

S^er  cones  and  the  Le  Oiiatelier  pyrometer. 

Ail  the  glazes  in  this  work  were  fired  in  the  down-draft 
open  fire  kiln  of  the  ceramic  department  at  the  University 
of  Illinois.  Series  I  was  fired  to  cone  6  iu  12  hours,  coke 
being  the  fuel  used. 

For  the  starting  point  of  this  woi-k,  a  glaze  having  the 
following  formula"  was  selected : 

No.  I,  Series  I         .3  K,0      1 

.4  CaO      \.4  A1,0,      3.7s  SiO, 
.3  BaO     i 

This  formula  produces  a  clear  bright  glaze  having  a 
range  of  temperature  from  cone  4  to  cone  8,  within  which 
it  is  a  good  glaze. 

•Sprechsaal ;  1905,  No.  42. 
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The  first  series  was  made  for  the  purpose  of  determin- 
ing the  relative  fusibility,  brilliancy  and  opacity  induced 
by  BaO  as  against  ZnO,  by  gradual  replacement  The 
f ormuluae  and  batch  weights  of  series  I  are : 

Appearance  of  Trials, 

The  softening  temperatures  expressed  in  degrees 
centigrade  are  given  in  the  column  at  the  right  of  percen- 
tage batch  weights  above.  When  taken  from  the  kiln,  all 
five  glazes  were  well  matured,  and  showed  no  bad  defects. 
After  two  days'  time  crazing  began  to  appear  in  all  glazes 
except  No.  5,  Crazing  was  worst  in  No.  1,  gradually  de- 
creasing toward  No.  5,  which  was  free  from  crazing. 

No.  5  is  the  most  fusible  glaze  in  the  series  and  has 
the  best  brilliancy  and  opacity ;  opacity  not  very  great. 

SERIES  II. 

a 

No.  5  from  series  I  being  the  best  glaze,  was  selected 
for  the  starting  point  of  Series  II,  in  which  the  CaO  from 
whiting  was  gradually  replaced  by  CaO  from  bone  ash,  all 
other  members  remaining  constant.  This,  of  course,  in- 
creased the  acidity  by  the  amount  of  P2O5  brought  in  with 
the  bone  ash. 

After  series  II  was  made,  it  was  thought  that  the  use 
of  raw  bone  ash  might  cause  defects  such  as  blistering  and 
curdling,  consequently  series  III  was  made,  keeping  the 
same  formulae  as  in  series  II  but  having  the  bone  ash  cal- 
cined with  flint.    This  calcine  was  marked  "A." 

Calcine  A  Formula :       '         Percent  Batch  Weights : 

l.CaO,     1.  SiOo,     ^PgOg         Ik>ne    ^«h   63.19 

Combining    weight    1631/^.         Flint   36.81 

This  mix  gave  a  friable  mass  when  burned  to  cone  6. 
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SERIES    III. 

Percentage  Batch  Weights. 


C. 
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1^ 
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Si 

9 

S  • 

Of- 


No.  6A 

46.09 

8.28 

4-50 

6.70 

7.12 

27.31 

1 

1160^ 

No.  7A 

46.05 

5.51 

9.00 

6.70 

7. II 

25.63 

1200° 

No.  8A 

46.01 

2.75 

13.50 

6.69 

7.10 

23.9s 

1230** 

No.  9A 

45.97 

■  •  •  • 

17.97 

6.68 

7.10 

22.28 

1250° 

All  glazes  except  No.  5  in  series  II  flaked  oflf  after 
dipping.  If  the  trial  pieces  were  jarred  after  drying,  the 
glazes  shelled  off  leaving  the  trials  bare.  None  of  the  trials 
in  series  III  showed  signs  of  flaking  after  dipping. 

In  order  to  test  the  relative  effects  of  raw  and  calcined 
bone  ash,  3%  of  dextrine  was  added  to  glazes  6,  7,  8  and  9 
of  series  II  after  which  they  dipped  very  nicely,  giving  no 
trouble  in  flaking  when  dry,  but  later  flaked  some  during 
burning. 

Glazes  from  series  II  and  III  were  placed  in  saggers 
and  fired  to  cone  6  in  11  hours. 


Appearance  of  Trials. 

There  is  no  appreciable  difference  in  fusibility  between 
those  glazes  which  contained  raw  bone  ash  and  the  corres- 
onding  ones  in  which  it  had  been  calcined  with  flint. 

Glazes  No.  5,  6  and  7  of  series  II  and  6A  and  7A  of 
series  III  were  matured;  Nos.  8  and  9,  8A  and  9A  were 
dull  in  appearance  due  to  .insufficient  temperature  to 
mature  them. 

Since  the  members  in  the  two  series  highest  in  bone 
ash  were  immature,  it  was  decided  to  make  a  second  firing 
of  series  II  and  III  to  cone  8.  The  trials  were  set  and  the 
kiln  finished  in  14  hours.  On  opening  the  kiln,  the  cones 
showed  evidence  of  a  much  higher  temperature  than  cone 
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8,  probably  cone  9  at  least.  All  the  softer  glazes  showed 
evidence  of  overfiring,  showing  a  sort  of  **pitted"  or  ^g- 
shell  surface.  8  and  8A,  9  and  9A  were  nicely  matured. 
No  blistering  or  serious  crawling  occurred.  Nos.  9  and  9A 
were  whitest,  whiteness  decreasing  toward  No.  5.  Nos.  9 
and  9A  were  crazed  in  fine  meshes,  the  crazing  gradually 
decreasing  toward  No.  5. 

SERIES  IV. 

No.  9A  is  the  best  as  to  working  qualities  and  white- 
ness, though  Crazed  and  too  refractory  for  the  best  deyelop- 
ment  of  the  stoneware  body  used.  This  glaze  was  selected 
for  the  upper  members  of  series  IV.  The  object  undertaken 
was  to  "soften  down"  9A  and  at  the  same  time  overcome 
the  crazing  and  retain  as  much  of  its  whiteness  as  possible. 

In  order  to  do  this  the  most  promising  method  seemed 
to  be  to  introduce  B2O3  in  the  form  of  calcium  borate.  By 
replacing  part  of  the  SiOg  with  B2O3,  the-  softening  of  the 
glaze  and  the  overcoming  of  crazing  might  be  accomplished. 
The  introduction  of  calcium  borate  was  looked  upon  as  a 
possibility  for  retaining  the  whiteness,  since  it  sometimes 
produces  opalescence  in  glazes. 

In  order  to  save  the  time  and  trouble  of  making  a  fritt, 
the  naturally  occurring  mineral  "Oolemanite"  was  used. 
This  is  the  mineral  from  which  our  borax  and  boracic  acid 
is  largely  obtained.  Its  formula  is  2  CaO,  3  BgOg,  5  HgO. 
Molecular  wt.=412.  Combining  wt.  1.  RO=206.  Accord- 
ing to  Dana*  colemanite  crystallizes  in  the  monoclinic 
system,  usually  in  short  prisms.  Oleavable,  b-highly  per- 
fect; c — distinct.  Before  the  blowpipe;  decrepitates,  ex- 
foliates, sinters  and  fuses  imperfectly. 

Series  IV  was  produced  by  gradually  replacing  part 
SiOo  in  glaze  No.  9A,  .2  equivalents  at  a  time,  by  BgOg  in 
the  form  of  colemanite,  up  to  1.0  equivalent  of  B2O3.  By 
introducing  1.0  BgO^  as  colemanite,  .6%  OaO  was  carried 
in.  This  replaced  .3  ZnO  and  .3%  CaO  from  bone  ash, 
giving  glaze  No.  14  in  the  table  below : 

*A  Text  Book  of  Mineralogy,  pp.  519,  520. 
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The  trials,  and  cones  made  from  the  glazes  for  the 
fusibility  test,  were  set  in  the  kiln  in  the  same  manner  as 
in  the  previous  burns.  Before  a  dull  red^eat  was  reiiched, 
all  the  cones  made  from  those  glazes  containing  colemanite 
crumbled  to  a  line  powder  on  the  placque.  No.  9A,  contain- 
ing no  colemanite,  remained  standing.  Powdered  colema- 
nite dehydrates  at  a  very  low  heat,  s^^elling  to  nearly  twice 
its  original  volume  without  softening,  which  accounts  for 
the  "falling  to  powder'-  of  the  cones  made  from  those  glazes 
in  which  colemanite  was  present. 

The  first  intention  was  to  fire  the  trials  to  cone  6. 
From  the  behavior  of  the  cones  it  was  assumed  that  the 
colemanite  glazes  would  crumble  from  the  trials,  hence  the 
kiln  was  finished  at  cone  8  in  order  to  mature  No.  9A. 

Appearanve  of  the  Trials. 

No.  9 A  softened  at  1250 °C  the  same  as  in  the  previous 
burn,  going  down  with  cone  6.  It  was  impossible  to  deter- 
mine the  softening  points  of  the  other  members  of  this 
series  since  their  cones  crumbled  to  powder  in  the  early 
stage  of  the  burning. 

No.  9A  matured  nicely,  is  a  little  whiter  than  in  the 
previous  burn. 

Nos.  10,  11,  12,  13  and  14  crumbled  off  from  the  out- 
sides  of  the  crocks  leaving  them  bare,  and  fell  to  the  bottom 
on  the  insides,  fusing  in  thick  layers.  No  accurate  conclu- 
sions rould  be  drawn  from  these  except  that  they  were 
much  more  fusible  than  No.  9A  and  overfired. 

This  is  as  far  as  the  work  has  been  carried.  The  next 
step  will  be  to  make  a  series  in  which  the  colemanite  has 
been  dehydrated  after  the  same  formulae  as  those  in  series 
IV. 

According  to  the  composition  and  low  temperature  of 
fusion  of  colemanite,  it  is  undoubtedly  a  valuable  flux  for 
the  introduction  of  B2O3  in  an  insoluble  form.  If  it  can 
be  had  in  a  reasonable  state  of  purity  in  sufficient  quanti- 
ties, and  at  a  moderate  price,  a  large  portion  of  the  trouble 
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and  expense  of  fritting  can  be  eliminated.  It  will  also  be 
valuable  in  simplifying  the  leadless  glaze  problem,  as  well 
as  a  valuable  flux  for  hardening  terra  ootta  slips  for  low 
fire  work. 

DISCUSSION. 

Mr.  Purdy:  I  will  ask  Mr.  Stull  two  questions.  One 
is  as  to  the  calcium  phosphate.  We  known  that  increased 
whiteness  and  opacity  of  the  glaze  can  be  secured  by  use 
of  bone  ash,  but  can  you  use  it  to  any  iireat  extent  without 
having  crawling? 

Mr.  Stull:  I  have  not  experimented  extensively  in 
using  bone  ash  for  a  glaze  ingi'edient,  but  here  used  .4  CaO 
as  bone  ash  and  there  was  no  evidence  of  crawling. 
Whether  more  could  be  used,  I  do  not  know.  It  materially 
increases  the  temperature  necessary  to  mature  it. 

Mr.  Purdy :  Bone  ash,  according  to  my  experience,  is 
a  very  dangerous  substance  to  use  in  a  glaze  of  that  kind. 
Another  question  I  will  ask,  in  harmony  with  Prof.  Binns' 
paper;  does  B2O3  tend  to  increase  the  opacity  of  the  glaze? 
Are  vou  getting  a  whiter  glaze  with  increased  content  of 
B2O;? 

Mr.  Stull :  I  believe  it  depends  on  the  composition  of 
the  glaze  whether  it  imparts  whiteness  or  not.  In  itself,  I 
do  not  believe  it  does.  But  colemanite  is  borate  of  lime, 
l>ractically  insoluble  when  cold,  though  it  fuses  by  itself 
at  a  low  heat,  and  the  theory  is  advanced  that  whiteness 
can  be  obtained  by  incorporating  calcium  borate  into  the 
glaze,  which  precipitates  or  segregates  within  the  glaze. 
That  is  what  I  intend  to  follow  out.  The  line  of  inquiry 
will  be  changed  from  time  to  time  as  results  from  the  kiln 
warrant.  I  do  not  believe  that  BgO.,  can  take  the  place  of 
AlgO-j,  or  that  it  will  act  as  Al20:j  does.  In  nature,  in  all 
the  boracic  acid  minerals,  B2O3  takes  the  part  of  an  acid. 

Mr.  Humphreys:  I  will  ask  Mr.  Stull  what  form  of 
whiting  he  used.  I  think  that  is  important  in  comparing 
with  bone  ash  for  temperature.     In  some  recent  experi- 
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ments  I  found  as  much  as  a  difference  of  two  cones  in  the 
different  whitings. 

Mr.  ^tull:  I  am  not  prepared  to  say  where  it  was 
obtained.    1  found  it  in  the  laboratory  there. 

Mr.  Purdy.  The  whiting  w^as  ordered  from  the  Illi- 
nois Supply  Co.,  East  St.  Louis. 

Mr.  Mayer:  Mr.  President,  I  was  not  present  when 
all  the  paper  was  read,  but  I  heard  him  mention  colemanite. 
I  made  some  experiments  with  some  colemanite,  the  analy- 
sis of  which  was : 

Bj^03   54.80 

CaO   29.50 

H2O   13.50 

Carbonate  &  Sulphate  of  Lime  and 

Silica    2.00 


99.80 


The  experiments  were  made  with  a  raw  glaze  of  ex- 
actly the  same  composition  of  the  fritted  glaze  we  were 
using  right  along.  The  note  I  made  was,  •'good  glaze,  ap- 
parently as  good,  as  brilliant  as  the  ordinary  glaze,  suits 
colors  as  well  as  our  regular  glaze."  It  was  much  better 
color  than  our  own  glaze.  I  have  experimented  largely 
with  different  forms  of  colemanite.  There  is  only  one  dis- 
couraging feature  and  that  is  we  cannot  buj'  it  cheaper 
than  borax  and  boracic  acid.  Did  Mr.  Stull  ask  the  price 
of  this  colemanite?  I  found  that  the  trouble.  We  could 
get  any  amount  of  it  and  extremely  pure,  very  little  im- 
purity in  it — white  as  snow;  but  they  want  an  unearthly 
price  for  it.  I  did  not  get  mine  from  the  Pacific  Coast 
Borax  Co.  I  got  it  from  a  firm  that  had  just  found  some 
deposits  of  extreme  purity.  The  only  trouble  is  the  high 
price  the  people  want  for  it.  In  practice  they  make  glazes 
identically  the  same.  I  have  not  seen  any  peculiarity 
about  it. 

Mr.  Binns:  I  will  ask  Mr.  Maver  if  he  dehvdrated 
the  colemanite? 
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J/r.  Mayer:  I  just  used  the  colemanite  as  it  comes 
from  the  mines. 

Mr,  Binns:  And  you  did  not  experience  the  trouble 
Mr.  Stull  had  on  account  of  the  pulverizing  of  the  glaze? 

Mr.  Mayer-.  I  never  had  any  such  experience,  and  I 
used  colemanite  from  three  different  firms.  The  last  one  I 
experimented  with  was  an  extremely  pure  sample.  I  never 
saw  that  difficulty  in  any  of  them.  It  is  extremely  hard, 
very  difficult  to  grind.  I  broke  several  mortars  before  1 
learned  how  to  break  it  up. 

Mr.  Biutis :  Although  not  germane  to  this  discussion, 
Mr.  Chairman,  I  want  to  speak  concerning  Mr.  StulPs  last 
statement.  In  mineralogy  there  is  one  case  of  boron  as  a 
base,  as  I  said  yesterday.  Datolite  is  a  silicate  of  boron 
and  calcium.  The  claim  which  I  made  yesterday  was  for 
boron  in  the  presence  of  silica,  which  must  not  be  ignore:!. 
I  granted  that  boron  acted  as  an  acid  in  the  presence  of 
bases. 

I  am  interested  in  Mr.  StulFs  optimism  when  he 
thinks  the  difficulty  of  leadless  glazes  may  be  solved  by  the 
use  of  colemanite.  I  do  not  think  the  difficultv  of  a  leadless 
glaze  lies  in  the  expense  of  fritting,  rather  in  the  manipula- 
tion of  the  process.  I  am  interested  in  the  development  of 
the  use  of  bone  ash,  and  there  are  one  or  two  points  which 
seem  to  me  need  more  light.  My  experience  has  been 
rather  on  the  line  of  Mr.  Purdy's',  that  bone  ash  is  danger- 
ous to  use.  If  intended  to  be  used  on  a  large  scale,  on  a 
large  mass  of  ware,  that  is  where  the  trouble  would  come  iin^ 

I  will  ask  Mr.  Stull  in  that  connection  what  his  ex- 
perience was  in  calcining  bone  ash  with  flint;  to  what  tem- 
perature he  took  it;  what  he  tried  to  accomplish,  and  if  he 
thinks  he  accomplished  his  purpose? 

Mr.  Stull:  Answering  Mr.  Mayer's  question,  these 
experiments  were  carried  out  on  the  strength  of  the  new 
deposit  which  has  been  discovered,  and  I  am  told  that  the 
Pacific  Coast  Borax  Co.  have  carloads  of  it.  The  represen- 
tative of  this  company  said,  in  answer  to  a  question,  that 
Ihey  could  furnish  it,  but  I  do  not  know  at  what  price.    I 
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have  not  gotten  the  prke  yet.  As  I  stated,  we  will  have  to 
investigate  the  matter  of  price. 

The  mineral  which  Mr.  Mayer  speaks  of  as  colemanite 
is  not  colemanite,  but  partially  dehydrated  colemanite.  It 
is  of  the  same  composition  as  eolmanite  except  that  it  is 
4)artially  dehydrated.  There  is  a  deposit  in  Oregon  of  this 
dehydrated  colemanite.  That,  of  course,  being  partly  dehy- 
drated would  not  decrepitate  and  would  not  give  the 
trouble  I  experienced  with  colemanite,  the  trouble  of  the 
true  mineral  colemanite  which  contains  21.90%  HgO. 

Eeplying  to  Mr.  Binns'  inquiry  in  regard  to  the  use  of 
bone  ash,  my  experience  is  limited  to  this  case.  I  had  no 
trouble  at  all.  I  made  three  burns,  six,  eight  and  nine, 
and  in  no  case  did  I  run  into  blistering.  The  great  diffi- 
culty I  had  with  the  raw  bone  ash  was  that  it  flaked  off 
badly.  It  fell  off  by  itself  in  the  drying.  The  idea  of  cal- 
cining it  with  flint  was  that  in  the  manufacture  of  bone 
china  it  is  often  found  necessary  to  reealcine  bone  ash  to 
prevent  blistering,  etc.,  and  I  thought  it  best  to  reealcine 
it  with  a  little  flint  and  grind  it  and  use  it  in  that  form. 
There  was  no  special  reason  except  to  get  a  soft  mass — ^not 
to  burn  too  hard,  though  it  would  not  harden  by  itself. 

Mr,  Binns :  I  was  born  and  raised  on  bone  china  and 
that  is  news  to  me.  The  calcining  of  feldspar,  without 
producing  any  chemical  change  produces  a  physical 
change;  but  I  did  not  see  how  the  calcining  of  bone  ash 
could  have  any  effect,  as  it  has  already  been  calcined. 

Mr.  Stall :  I  do  not  know  anything  about  bone  china, 
never  saw  it  made;  and  as  I  said,  my  only  experience  in  the 
use  of  bone  ash  was  in  this  case.  Professor  Bleininger  sug- 
gested calcining  it  for  that  reason,  and  I  think  the  German 
literature  has  something  about  the  calcining  of  bone  ash 
as  obtained  from  the  dealer,  and  gives  instances  where  the 
trouble  was  overcome  by  reealcining. 

Mr.  Mayer:  Mr.  StuU  says  the  colemanite  I  got  Avas 
not  colemanite.  I  am  not  a  mineralogist  and  do  not  pretend 
to  know  about  these  things,  but  I  give  you  the  name  they 
call  it.     They  sometimes  call  it  "pandermite''  and  some- 
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times  colemanite.  I  cannot  tell  the  difference.  I  know  it 
had  13.50%  water  in  it.  That  I  will  vouch  for.  I  think 
the  man  who  gave  me  the  sample  is  as  much  of  a  mineralo- 
gist as  I  am,  and  he  sometimes  calls  it  pandermite  and 
sometimes  colemanite.  But  it  gave  excellent  results.  The 
price  made  it  simply  out  of  the  question  to  use. 

Mr.  Bleininger:  The  main  object  of  Mr.  Stull's  ex- 
periments is  twofold, — one  practical  and  one  more  theo- 
retical. The  practical  object  is  to  obtain  a  cheap  stoneware 
glaze  for  a  certain  type  of  stoneware.  The  second  is  to 
make  large  and  extensive  experiments  which  will  tend  to 
show  the  various  opacifying  agents.  Therefore,  he  has 
undertaken  the  work  to  show  how  the  various  opacifying 
agents  behave  and  produce  workable  glazes. 

Mr.  Binns :  If  Mr.  Mayer's  glazing  was  done  on  bis- 
cuit ware  and  Mr.  StulPs  on  green  ware,  it  may  be  possible 
that  the  combined  water  in  the  clay  may  have  caused  de- 
crepitation. 

Mr.  Sfull :  It  occurred  before  the  kiln  was  red  enough 
to  see  the  cone.  May  I  ask  Mr.  Mayer  what  percent  of 
water  was  in  the  dehvdrated  colemanite  he  used? 

Mr.  Mayer :  The  composition  of  the  glaze  in  which  1 
used  this  colemanite  was ; 

Feldspar    271.7 

White  Lead 105.0 

Florida  Clay 59.2 

Colmanite   150.0 

Whiting    44.8 

Flint    139.6 

m 

Mr.  Stall:  In  pure  colmanite  there  is  21.90%  HgO. 
I  will  ask  Mr.  Mayer  what  was  the  percent  of  water  in  his 
variety? 

Mr.  Mayer:    13.50  of  water. 

Mr.  Stull:  It  was  probably  half  way  between  hy- 
drated  and  dehydrated  colmanite. 
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♦CONTINUATION  OF  THE  WORK. 

The  next  step  decided  upon  was  to  make  up  several 
glazes  representing  five  different  series,  determine  their 
softening  temperatures  in  the  form  of  cones,  group  these 
glazes  according  to  their  softening  temperatures  and  fire 
them  accordingly. 

Since  the  glazes  in  series  IV  in  which  raw  colemanite 
was  used  powdered  from  the  trial  pieces,  series  V  was  made 
according  to  the  respective  formulae  in  series  IV,  the  only 
difference  being  that  the  colemanite  was  dehydrated. 

SERIES  VI,  VII  AND  VIII. 

These  series  were  constructed  for  the  uprpose  of  de- 
termining the  effect  of  increasing  AI2O3  and  P2O3  by  the 
use  of  aluminum  phosphate  in  the  presence  of  calcined 
bone  ash  and  B2O3. 

Since  the  sample  of  colemanite  at  hand  was  exhausted 
in  making  series  V,  and  since  letters  to  two  borax  compan- 
ies brought  replies  that  they  had  no  colemanite  for  sale  as 
it  was  all  absorbed  by  their  plants  in  the  refining  of  borax 
and  boracic  acid,  it  was  decided  to  make  a  fritt  after  the 
dehydrated  colemanite  formula  for  use  in  the  three  follow- 
ing series.    This  was  designated  "Fritt  B.'' 

Pritt  B.  Batch  Weights : 

Formula  Whiting 50 

2  CaO,  3  B0O3  Boracic  Add 93 

A  preliminary  test  in  the  Pelton  ele(*tric  furnace 
shows  that  this  mixture  swells  at  700°(^  to  a  porous  sponge- 
like mass  and  melts  to  a  clear,  water-like  fluid  at  950°C. 
x\n  attempt  to  make  a  drop  fritt  of  this  mixture  had  to  be 
abandoned  on  accoutn  of  its  great  fluidity  and  corrosive 
action.     It  soaked  through  the  fire  clay  crucible,  draining 


♦This  installment  represents  the  work  which  has  been  done  on  "A 
Cheap  Enamel  for  Stoneware,"  between  the  last  convention  and  the  date 
of  publication. 
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out  at  the  bottom  like  water  through  a  sponge,  and  in  a 
short  time  dissolved  the  bottom  from  the  crucible  com- 
pletely. In  order  to  increase  viscosity  and  reduce  corrosive 
action,  "fritt  C'  was  constructed  having  the  formula : 

FRITT  C.  BATCH  WEIGHTS. 

.3  'K«0        )  (1.8  SiOa  Brandywine  Feldspar    46.26 

[  .3  A1,0,  ]  i.o  B2O3        ^    V^hiting    18.46 

.7  CaO        J  {    .011  PaOi     '    Flaky  Boracic  Acid  34-33 

Combining    weight=277.6  ^''"^  ^^^  ' ^^ 


This  mixture  gave  a  very  satisfactory  drop  fritt,  very 
white  and  translucent.  This  fritt  was  used  in  making  the 
three  following  series : 

SERIES  IX. 

In  this  series  the  RO  and  acid  were  kept  constant  in 
order  to  note  the  effect  of  increasing  the  AI2O3  by  using 
calcined  Georgia  kaolin.  The  glaze  selected  for  the  first 
member  in  this  series  has  the  formula: 

No.  30        .2  KaO)  12.5  SiOs 

2  ZnO  V       .4  AUOs      <    .2  PsOb 

.6  CaOJ  t   .8  B,Oa 

A  trial  fritt  marked  "Fritt  D"  composed  of  bone  ash, 
whiting  and  boracic  acid  was  tested.  Its  formula  and 
batch  weights  are: 

FRITT  D. 
Formula.  Batch   Weights. 

t     oe  pn  Bone  Ash    28.94 

I.  CaO  {r^i  ,  BO  Whiting    9-34 

( 1 .  33  I  -3  liaUs  pi^i^y  Boracic  Acid 61 .  72 

A  portion  of  this  mix  when  tested  in  the  Pelton  fur- 
nace softened  at  760  °C  and  fused  to  a  thick  viscous  paste 
at  1165° C.  On  testing  for  solubility  in  hot  water,  it  was 
found  that  the  B2O3  dissolved  readily,  leaving  a  fine  white 
paste  of  bone  ash  and  calcium  borate.  This  shows  the 
stability  of  bone  ash  in  the  presence  of  B2O3,  since  no 
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chemical  arrangement  took  place,  except  the  formation  of 
calcium  borate  with  the  free  CaO  from  whiting. 

On  account  of  its  solubility,  fritt  D  could  not  be  used. 
Instead,  fritt  E  was  made. 


FRITT  E. 

Formula. 

.262-3  K-0    )  t  1.6  SiOa 

.  60       CaO     y .  26  2-3  AUO.  <     .  2  P.O* 
.131-3  ZnO   )  f  1.062-3  B2O3 

Cnibining  weight^295 .  733 


Batch  Weights. 

Brandywine  Feldspar    42.01 

Bone  Ash   17. 53 

Zinc  Oxide  3 .05 

Flaky  Boracic  Acid  37-41 

This  mixture  makes  a  beautiful  drop  fritt;  white  and 
opaque,  resembling  a  tin  fritt  in  appearance,  and  is  prac- 
tically insoluble. 

The  softening  temperatures  of  all  the  glazes  in  series 
V,  VI,  VII,  VIII  and  IX  were  determined  by  the  Le 
Chatelier  pyrometer  in  the  Pelton  furnace,  the  softening 
points  of  each  series  being  determined  separately.  These 
glazes  were  then  arranged  according  to  their  bending  tem- 
peratures for  burning.  No.  14c  being  softest  and  No.  19  the 
most  refractory.  As  arranged  in  the  table,  all  glazes 
softening  between  950°C  and  1027°C  were  fired  at  cones 
03  and  01.  Those  softening  between  1027° C  and  1120°C 
were  burned  at  cone  2,  while  those  bending  between  1033°C 
and  1161°C  were  fired  at  cones  4  and  6. 

« 

Length  of  Time  of  Burning. 

Cone  03  was  made  in  9  hours. 
Cone  01  was  made  in  11  hours. 
Cone  2  was  made  in  18  hours. 
Cone  4  was  made  in  17  hours. 
Cone  6  was  made  in  19  hours. 
Coke  being  used  as  fuel. 
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Glaze  *C 

No.  14c  9So\ 

No.  25  952 

No.  26  967 

No.  31  976 

No.  27  980^ 

No.  30  9911 

No.  14X  99-2^ 

No.  32  996  \    Fired  at 

No.  I2C  1000/     Cones  03  &  01 

No.  33  looi 

No.  20  1010I 

No.  35  lOTl 

No.  21  1025 

No.  34  1026 

No.  12X  1027 

No.  13X  1027/ 

No.  22  1033 

No.  28  1040 

No.  29  1050 1  \   Fired  at 

No.  23  1070/  /    Cone  2 

No.  iiX  1077 

No.  24  1090 

No.  IOC  1120 

No.  loX  1 120 

No.  16  ii37i 

No.  17  ii«53^ 

No.  15  1145 

No.  18  I1S5 

No.  19  1161 


Fired  at 
Cones  4  &  6 


!) 


In  each  case  after  firing  was  finished,  the  fire  was 
drawn,  the  fire  box  door  and  damper  left  open  and  the  kiln 
allowed  to  cool  quickly. 

APPEARANCE  OF  THE  TRIALS. 

Series  V. 

No.  lOX.     Cone  2:     White,  smooth,  no  beading;  under- 
fired. 
Cone  4 — Quite  white   and   opaque,   slightly   beaded, 

crazed  some. 

Cone  6 — Opalescent,  blisters  where  thick,  crazed.    No 

beading. 


No.  IIX.    C'one  2 :    Opalescent,  crazed,  otherwise  a  good 
glaze. 
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Cone  4 — A  good  clear  bright  glaze.  Opalescent  where 
thicky  no  crazing. 

Cone  6 — ^Appearance  same  as  at  cone  4  except  runs 
more. 


No.  12X.     Cone  03:    Glaze  somewhat  immature,  smooth. 

Cone  01 — Bright    and    opalescent,     slightly    beads, 
crazed. 

Cone  2 — Bright,  less  opalescent,  smooth,  no  crazing.^ 


No.  13X.    Cone  03:    Underflred,  matt. 

Cone  01 — Bright,  opalescent,  beads  a  little,  crazes. 
Cone  2 — Bright,  opalescent,  beads  a  little,  no  crazing. 


No.  14X.     Cone  03:    Opalescent,  bright,  crazed  some,  no 

beading. 

Cone  01 — Clear,  bright,  a  few  craze  marks,  no  bead- 
ing. 

Series  VI. 

In  both  the  cone  4  and  6  burns  there  is  a  gradual 
gradation  in  this  series  froni  IOC  tb  19.  All  are  whiter  in 
the  cone  4  burn  than  in  the  cone  6  burn.  IOC  is  opalescent, 
blisters,  crawls  very  slightly,  has  no  crazing.  Whiteness, 
opacity,  crawling  and  crazing  increase  and  blistering  de- 
creases from  IOC  to  19.  No.  19  is  as  white  as  a  tin  enamel, 
though  some  beaded  and  crazed. 

Series  VII. 

No.  12C.    Cone  03 :    White,  opalescent,  tendency  to  bead, 

crazed. 

Cone  01 — Bright,  opalescent.  Beads  some,  crazes 
some. 
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No.  20.     Cone  03:    White,  opaque,  crawls  some,  blisters 

some,  crazed  a  little. 

Cone    01 — Translucent,    crawls    less,    blisters    some, 
crazes  less. 


No.  21.     Cone  03:    White,  opaque,  beaded  badly,  crazes 
badly. 
Cone  01 — White,  opaque,  beads,  crazes,  no  blistering. 


No.  22.     Cone   2:     White,   opaque,   beaded,   crazed   and 
blistered. 

Cone  4 — Blisters,  no  crazing  or  beading;  translucent. 
Cone  6 — Opalescent,  blisters,  no  beading,  no  crazing. 


No.  23.    Cone  2 :    Blisters  slightly,  beads  and  crazes. 

Cone  4 — Blisters  slightly,  white,  no  crazing;  beads 
some. 

Cone  6 — Opalescent,  blisters,  no  crazing  or  beading. 


No.  24.     Cone  2:     Badly  blistered,  slight  beading,  badly 

crazed. 

Cone  4 — Whitest  glaze  of  series.    Blisters,  no  crazing 
or  beading. 

Cone  6 — Appearance  same  as  in  cone  4  burn. 

Series  YIIL 

No.  14C.    Cone  03 :    Opalescent,  crazes,  otherwise  good. 
Cone  01 — Same  as  the  cone  03  burn. 


No.  25.    Cone  03 :    Translucent,  crazes,  otherwise  good. 
Cone  01 — Opalescent,  smooth,  bright  and  crazed. 


A    CHEAP    ENAMEL    FOR    STONEWARE.  239 

No.  26.    Cone  03:    Translucent,  whiter  than  25,  blisters, 

crazes. 

Cone  01 — Opalescent,    smooth,    bright    and    crazed. 
Blight  beading. 


No.  27.    Cone  03 :    Translucent,  whiter  than  26,  crazes,  no 
beading. 
Cone  01 — Translucent,  crazed  and  beaded. 


No.  28.    Cone  2 :    White,  opaque,  beaded  some,  crazed,  no 


blistering. 


Cone  4 — Blistered,  crazed,  no  beading. 

Cone  6 — Opalescent,  blistered,  no  crazing  or  beading. 


No.  29.    Cone  2 :    White,  opaque,  beaded,  blistered  some, 
craze<l. 

Cone  4 — Blistered  badly,  crazed,  no  beading. 
Cone  6 — Blistered,  translucent,  no  crazing  or  beading. 

Series  IX. 

Cone  03 — This  series  has  given  the  best  results  so  far. 
All  are  white,  opaque,  though  crazed.  No.  30  quite  badly 
crazing  decreases  toward  No.  35  which  has  only  three  or 
four  craze  marks.  There  is  very  little  difference  in  this 
series  in  whiteness,  opacity  and  brilliancy.  The  glazes, 
however,  are  not  at  their  best,  a  little  higher  temperature 
would  improve  them.  None  are  blistered.  There  is  a  very 
slight  tendency  to  crawl  in  No.  30  which  appears  less  in  35. 

Cone  01 — All  the  members  of  the  series  are  beautiful 
opaque  glossy  enamels.  The  appearance  i»  a  light  ivory  in 
color  and  texture.  No  evidence  of  blistering.  No.  30  is 
crazed  slightly;  crazing  decreases  toward  35.  Nos.  34  and 
35  are  not  crazed  though  the  body  is  very  soft.  Trials  were 
also  taken  from  the  kiln  quite  hot.    There  is  a  very  slight 
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tendency  in  all  members  to  crawl  a  little  in  one  or  two 
small  spots  on  the  outside  rim  near  the  shoulder.  The 
insides  of  the  crocks  are  smooth  and  practically  flawless, 
aside  from  those  members  (Nos.  30,  31,  32,  and  33)  which 
crazed.  Brilliancy  and  opacity  equal  to  a  good  tin  enamel, 
color  very  nearly  as  good.  An  interesting  point  noticed 
both  in  the  cone  03  and  01  burns  is  that  the  tendency  to 
crawl  in  No.  35  containing  .55  AlgOg  is  less  than  in  No.  30 
containing  .40  AlgOg,  all  other  members  in  both  remaining 
constant.  The  crawling  tendency,  however,  is  no  greater 
than  that  of  many  good  stoneware  glares  and  tin  enamels 
in  commercial  use  in  which  raw  borax  is  used  to  overcome 
that  trouble.  Therefore,  the  enamels  of  Series  IX  are  very 
promising,  since  they  contain  no  raw  borax  or  other  soluble 
salts. 

• 

CONCLUSIONS. 

Series  I. 

In  this  series  ZnO  causes  greater  fusibility  than  BaO. 
Replacement  of  BaO  by  ZnO  reduces  crazing,  increasfes 
brilliancy  and  opacity. 

Series  II  and  III. 

The  use  of  bone  ash  direct  causes  flaking  of  the  glaze 
after  dipping.  Flaking  is  overcome  by  calcining  the  bone 
ash  with  flint. 

Replacement  of  CaO  from  whiting  by  CaO  from  bone 
ash  increases  refractoriness  materially  and  induces 
crazing. 

.13%  P20n  introduced  as  bone  ash  with  .3  ZnO  and 
.4  AI2O3  caused  no  beading  and  materially  increased  white- 
ness. 


A.  C.  S.— 14 
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Irenes  IV  and  V. 

The  use  of  raw  colemanite*  in  glazes  causes  "powder- 
ing" before  a  dull  red  heat  is  reached.  Powdering  is  over- 
come bv  usinar  dehydrated  colemanite. 

Replacement  of  bone  ash,  ZnO  and  SiOg  by  dehydrated 
colemanite,  materially  decreases  the  temperature  of  fusion, 
decreases  opacity  and  increases  brilliancy. 

The  opacifying  effect  of  colemanite  is  very  small,  pro- 
ducing at  best  only  a  small  degree  of  opalescence. 

Heries  17,  VII  and  VIII. 

It  is  difficult  to  determine  the  action  of  aluminum 
phosphate  in  these  three  series.  Increasing  AlgOg  and 
1*2^^5  by  aluminum  phosphate  increases  the  temperature 
of  fusion  a  little,  increases  whiteness  and  opacity. 

The  blistering  which  occurs  has  the  appearance  of 
being  what  "single  fire'-  enamel  brick  men  call  "steamed 
glazes.''  Opa(*ity,  whiteness,  blistering,  beading  and  craz- 
ing generally  seem  to  be  lessened  by  increase  in  tempera- 
ture of  firing,  though  not  borne  out  in  all  cases.  None  of 
the  glazes  containing  aluminum  phosphate  are  good  enough 
for  commercial  use.  It  is  probable  that  more  consistent 
results  would  have  been  obtained  if  the  aluminum  phos- 
phate had  been  calcined  or  fritted. 

faeries  IX. 

This  series  shows  that  good  glossy  enamels  are  possible 
as  low  as  cone  01  with : 

.2  ZnO      )  )    2.5  SiO, 

.6  CaO       \   .40  to  .55  AUO3    \     .2  P,05 
.2  K.O      J  •        J      .8  B2O, 


*A  distinction  should  be  made  between  the  three  most  general  forms 
of  calcium  borate,  viz.,  colemanite,  priceite,  and  pandermite,  which  have 
different  physical  properties  such  as  hardness,  specific  gravity,  action 
before  the  blow  pipe,  etc.,  as  well  as  differences  in  their  respective  chemical 
analyses.  However,  both  priceite  and  pandermite  are  classed  as  "varieties'" 
under  colemanite  by  mineralogists. 
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in  which  bone  ash  has  been  calcined  or  fritted  and  in  which 
the  excess  above  .3  AI2O3  is  added  as  calcined  clay. 

Experiments  with  bone  ash  as  an  opacifier  in  glazes 
are  not  new,  yet  the  author  fails  to  find  any  work  in 
ceramic  literature  pertaining  to  its  use  purely  as  a  glaze 
ingredient  aside  from  its  uses  in  glass  and  bone  china. 
The  question  has  been  raised  that  bone  ash  is  dangerous 
to  use  in  glazes  on  account  of  its  liability  to  cause  beading. 

It  is  a  well  known  fact  that  an  excess  of  the  opacifiers, 
alumina,  tin  oxide,  zinc  oxide  and  bone  ash  causes  beading. 
The  observations  of  the  writer  lead  him  to  believe  that  bone 
ash  has  no  greater  tendency  to  cause  beading  than  ZnO, 
SnOg  or  AI2O:;.  If  we  attempt  to  add  bone  ash  to  a  glaze 
of  the  Bristol  type,  which  is  already  loaded  up  with  an 
opacifier,  bringing  it  close  to  the  danger  point  of  beading, 
then  of  course  beading  will  occur. 

This  concludes  the  work  to  date.  Tlie  next  step  will 
be  to  test  the  members  of  series  IX  for  range  of  tempera- 
ture to  determine  whether  thej^  are  suitable  for  commercial 
use.  If  so,  then  the  best  one  of  the  series  will  be  selected 
for  the  starting  point  of  series  X,  in  which  the  B2O3  is  to 
be  gradually  replaced  by  SiOg  in  an  endeavor  to  produce 
suitable  "tinless'  enamels  for  higher  temperatures. 


EFFECT  OF  HNE  GRINDING  ON  THE  PROPERTIES 

OF  PORTLAND  CEMENT. 

BY 

Ira  a.  Williams,  Ames,  Iowa. 

It  is  coming  to  be  known  through  recent  scientific 
investigations  that  the  degree  of  fineness  to  which  Portland 
cement  (*linker  is  ground  has  an  important  infiuence  on 
the  qualities  of  the  resulting  cement/  Results  of  investi- 
gations along  this  line  have  been  recently  published  by 
Dr.  W.  Michaelis,  Jr.,*  S.  B.  Newberry,!  H.  8.  Spackman 
and  K.  W.  Lesley,  American  Association  of  Portland 
Cement  Manufacturers. 

There  is  a  more  or  less  general  agreement  among  those 
who  have  entered  into  the  matter  that  only  the  most  finely 
divided  particles  arahydraulically  active,  within  a  reason- 
able length  of  time,  when  the  cement  is  mixed  with  water. 
That  is,  onlj^  the  finest  flour  possesses  hydraulicity,  the 
remainder  being  inert,  like  so  much  sand,  so  far  as  its 
immediate  effect  on  the  working  qualities  of  the  cement  is 
concerned. 

No  one  seems  ready  as  yet  to  announce  definitely  just 
where  the  boundary  line  lies  between  those  particles  of 
cement  that  are  inert  and  those  that  are  active.  The  fact 
that  commercial  cements  have  a  range  iu  size  of  particle 
from  100  mesh  down  to  impalpability  renders  the  determi- 
nation of  the  actual  sizes  a  matter  not  only  of  delicacy, 
but  of  extreme  difficulty  even  with  the  microscope. 

Standard  specifications  require  that  not  more  than 
8  per  cent  remain  on  the  No.  100,  and  that  over  75  per  cent 
must  pass  the  No.  200  sieve.    This  means  that  over  75  per 
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cent  of  commercial  cement  must  consist  of  grains  whose 
individual  diameters  range  below  .0026  of  an  inch.  Dr. 
Michaelis  suggests  that  only  particles  of  800  mesh  size 
are  cement  proper.  800  mesh  particles  run  in  diameter 
from  1-1600  of  an  inch  (.0000625)  down,  sizes  scarcely 
appreciable  when  numerically  expressed. 

In  contemplating  the  above  facts,  the  question  arises 
as  to  what  changes  in  the  nature  of  Portland  cement  and 
its  valuable  properties  pulverization  to  a  greater  degree  of 
fineness  will  bring  about.  Suppose  we  reduce  it  so  that 
the  nmximum  particle  will  pass  the  200,  then  the  300,  400 
ouesh  and  so  on.  This  will  mean  not  only  that  the  upper 
limit  of  size  is  successively  lower,  but  there  will  also  be 
produced  an  increasing  quantity  of  the  excessively  fine 
cement  flour,  which  is  to  be  regarded  as  the  hydraulically 
active  part.  A  series  of  standard  tests  of  such  samples 
would,  no  doubt,  afford  results  of  much  scientific  interest 
besides  practical  value. 

To  obtain  preliminary  data  to  be  used  as  a  basis  fojr 
laying  out  further  experiments,  the  tests  described  below 
were  carried  out. 

A  sack  sample  of  a  standard  brand  of  Portland  cement 
was  purchased  in  the  market.  A  portion  of  this  was  placed 
in  a  ball  mill  and  ground  for  two  hours.  A  second  portion 
was  ground  for  five  hours;  a  thicd  portion  for  nine  hours; 
and  a  fourth,  fourteen  hours.  Each  of  the  resulting  ce- 
ments, along  with  the  market  product  itself,  was  subjected 
to  the  standard  tests  for  cement  of  the  American  Societv 

a.' 

for  Testing  Materials. 

The  following  table  shows  the  results  of  the  fineness 
tests.  Observance  of  each  cohimn  vertically  will  emphasize 
the  increasing  degree  of  fineness. 


\ 
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TABLE  I. 
Fineness  Tests  of  Reground  Cement. 


SAMPLE 


Retained  on  100    Panin;  100  retained 
mesh  I       on  200  mesb 


Passing  200  mesh 


Market    .•••;•• 

After  2  hours  grinding 
After  5  hours  grinding 
After  9  hours  grinding 
After  14  hours  grinding 


3.45 
0.27 

0.15 

0.02 

0.00 


20.80 

II.  19 

8.75 

3-20 
1.22 


75.75 

88.54 
91.10 

96.78 
98.78 


Portions  of  the  cement  passing  the  200  mesh  sieve 
were  further  separated  into  a  series  of  sizes  by  the  settling 
process,  using  dry  kerosene  as  the  liquid.  Settling  periods 
of  30  seconds,  1  minute  and  5  minutes,  were  used.  The  fig- 
ures given  in  the  table  are  percentages,  the  totals  in  this 
compilation  being  the  amounts  passing  the  200  mesh  shown 
in  the  table  above. 


TABLE  II. 
Fineness  Tests  of  Reground  Cement  Passing  200  Mesh  Sieve. 


SAMPLE 


Settling  from  suspenrion  in  Kcroaene  in 


30  sees. 


Market 
2-hour 
5-hour 
g-hour 

14-hour 


25.43 
27.39 
31.50 

25.93 
19.91 


1  min. 


5  mins. 


In  suspension 
in  Kerosene 
after  5  mint. 


TOTAL 


12.08 

9.71 

17.42 
16.28 

13.77 
18.17 

15.54 

17.21 

17.63 

16.56 

28.53 

29.96 
35.15 

37.68 

45.10 


75.75% 
88.54% 

91 .  10% 

96.78% 
98.78% 


The  curves,  sheets  I  and  II,  depict  the  total  composi- 
tion of  each  of  the  samples  and  emphasize  the  increase  in 
fineness  with  successively  longer  periods  of  grinding. 


E  PROPERTIES  OF 


TRANS.  AM.  CERSOC       VOLX 
WILUAMi  -  CURVE  SHEET  1. 

100 


»» 

•0 

70 

60 

iS 

50 

*. 

5 

5 

* 

40 

41 

<t 

30 

Z» 

It 

norkti^hr.    5hr.     Ihr    liiir. 


248     EFFECT  OF  FINE  GRINDING  ON  THE  PROPERTIES  OF  PORTLAND  CEMENT. 
TRAWS.  AMI.  CER.  SOC      VOLX  WILLIAMS  -  PUTE  I 


90 

1 

• 

A  ^^ 

1 

40 

k 

\ 

'/ 

30 

• 

2 

/ 

^ 

I 

7/ 

^ 

S 

L 

/ 

C  / 

1 

/ 

^ 

w 

/o 

^ 

If 

\ 

-^ 

/ 

L 

^ 

• 

^ 

^ 

'f 

• 

4 

Nc^l 

On  iDOmtsiiwZOOmesh.  /a303ec        /mm  3mm      In  itJ5fKfi^fefi 

TIME  OF  SETTING. 

The  smalll  samples  obtained  in  tlie  settling  analyses 
were  treated  with  water  and  their  setting  properties  ob- 
served. The  time  of  the  initial  and  final  sets  was  estimated 
by  the  needle  test.    Results  are  shown  in  table  III. 

TABLE  IIL. 

Setting  Properties  of  i    .  Different  ^Grades  of  Cements  Obtained  in  the 

Settling  Analysis. 


SAMPLE 


InitUI  Kt 
minutes 


Final  set 
minutes 


Per  cent  of 
water 


30  seconds 
I  minute 
5  minutes 

Suspended 


12 

7 
4 

2 


30 
18 
12 

9 


26 

29-30 

33-34 
40 
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The  reground  cements  as  they  came  from  the  ball  mill 
gave  the  following  results: 

TABLE  IV. 


SAMPLE 


In*tial  set 


Final  set 


Market 
2-hour 
5-hour 
9-hour 

14-hour 


45  minutes 
40  minutes 
30  minutes 
17  minutes 
5  minutes 


3  hours 

2  hours  and  30  minutes 
2  hours  and  15  minutes 
I  hour  and  5  minutes 
17  minutes 


TENSILE  STRENGTH. 

The  strength  of  briquettes  made  from  the  unground 
commercial  cement  is  given  in  Table  V.  The  briquettes 
in  all  instances  were  24  hours  in  moist  air  and  under  water 
for  the  remainder  of  the  time.  The  proper  consistency 
recjuired  23  per  cent  of  water  with  the  neat  cement  and 
9.8%  in  the  1 : 3  mixture. 


TABLE  V. 
Tensile  Tests   Market   Cement. 


Ne»t  Cement.  Lbs.  per  sq.  in.  at  the  end  of ,     *  «nicm:  i  and  Lb*,  per 

aq.  in.  at  the  end  of 


24  hours 


130 
156 

142 
120 
130 
128 

134 


7  days 


605 

595 
545 
505 
550 

515 
515 
583 
570 
510 


28  days 


810 
650 
613 

615 
610 

673 

645 

675 
662 

625 


7  days 


158 
152 

In3 
167 
178 
168 
180 
158 
188 

U7 


28  days 


237 
208 

187 

255 

254 
252 

250 
280 

■    •    • 

262 


REMARKS 


SOUNDNESS. 

Passed  O.  K.  in  Air 
No  sign  of  defect  in 
water. 

Accelerated : 

No  sign  of  defect 

Pat   losened   from 
glass 
Specific    Gravity=3.i4 
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TABLE  VI. 


Tensile  Tests,  Cement  Reground  for  2  hours. 


Neat  Cement. 

Lbs.  per  sq.  in 

.  at  the  end  of 

1  cement:  3  sand  TJm.  per 
sq.  in.  at  the  end  of 

24  hours 

1 

7  days 

1 

28  days 

635 
627 

7  days 

1 
2=0         i 
280 

28  days 

1 

1 

290 
260 

KhMAKKS 

315 
322 

Neat  cement  24  per 
cent  water. 

1 

Z^ 

595 

636 

200 

1 

280 

I  cement :  3  sand,  10  per 
cent  water. 

295 

345 
310 

340 

338 

352 

335 

500 

515 

495 
488 

520 

550 

530 

515 

faulty 

585 
652 

600 
630 
600 
607 

200        ' 

225 

216 
207 
200 
210 
245 

230 

255 
308 

350 

344 
290 

337 

SOUXDXESS. 
In  air,  passetl  0.  K. 
In   water,  passed  0.  K. 
Accelerated : 
Passed  0.  K. 
Pat   remained   on 
glass. 
Specific    Gravity — ^3.13 

TABLE  ^ 

/I  I. 

Tensih 

2  Tests,  C 

ement  Rcj 

ground  fo 

r  5  Hours. 

Neat  Cement. 

Lbs.  per  sq.  in 

.  at  the  end  of 

1  Cement:  }  sand  Lbs.  per 

sp.  in.  at 

the  end  of 

REMARKS 

24  boars 

7  days 

28  days 

7  days 

28  days 

1 
1 

Neat  cement   -h   25  per 

353 

566 

600 

270 

395 

\     cent  of  water. 

345 

540 

645 

247 

375 

!  I  cement :  3  sand  -f  10.2 

351 

600 

670 

232 

i       368 

per  cent   wAter. 

325 

622 

632 
680 

^^7 

385 

SOUNDNESS. 

348 

540 

230 

335 

In  air,  slight  shrinkage, 

360 

570 

660 

255 

350 

cracks  at  edge  of  pat. 

366 

540 

605 

247 

300 

Sho  rt    expansion 

340 

600 

600 

233 

320 

cracks,  very  small  and 

340 

570 

586 

243 

357 

few. 

360 

535 

635 

236 

320 

In  water,  passed  0.  K. 
.Accelerated : 
Passed  O.  K. 

Specific    Gravity — 3.14 
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TABLE  VIII.    Tensile  Tests,  Cement  Reground  for  9  Hours. 


Not  Cemcni.  Lba.  per  aq.  In.  ai  the  end  of  ,  ^  Cemeni:  J  nnd  Um,  per 

sq.  m.  at  the  end  of 


24  hours 


7  days 


310 

507 

330 

540 

322 

542 

305 

550 

315 

585 

295 

580 

300 

470 

320 

570 

310 

490 

309 

495 

28  days 


560 

615 
570 

595 
650 
660 
700 

617 
662 

680 


7  days 


277 
265 

250 

243 
270 

298 
278 
268 
230 
298 


29  days 


375 

373 
366 
320 

335 
330 
345 
325 
355 
320 


REMARKS 


Neat  cement   -f  25  per 

cent  water. 
'  I  cement :  3  '^nd  -f-  10.2 
I     per  cent  water. 
In     air,     a     few     small 
shrinkage  and  expan- 
Jkn  cracks  at  edge  of 
I     pat. 

iln  water,  passed  O.  K. 
Accelerated : 

Passed  O.  K. 
i  Specific    Gravity=3.i3 


TABLE  IX.     Tensile  Tests,  Cement  Reground  fcr  14  Hours. 


Neat  Cement.  Lbfc  per  sq.  in.  at  the  end  of  I   ^  Cement:  3  and  Lbs.  per 

'         sq.  in.  at  the  end  of 


24  hours 


7  days  • 


28  days 


7  days 


28  days 


' 

350 

510 

580 

305 

397 

370 

565 

538 

295 

370 

365 

545 

575 

275 

356 

385 

552 

S80 

265 

390 

370 

510 

610 

286 

345 

368 

525 

6*5 

282 

430 

355 

515 

600 

282 

3^ 

376 

555 

615 

290 

350 

346 

625 

635 

276 

375 

260^ 

575 

640 

275 

405 

faulty 

L 

REMARKS 


Neat  cement  -j-  25  per 
cent  water. 

I  cement :  3  sand  -f-  10.2 
per  cent  water. 
SOUNDNESS. 

In  air,  a  few  small 
shrinkage  and  expan- 
sion cracks  at  edge  of 
pat. 

In  water,  passed  O.  K. 

Accelerated : 
Passed  O.  K. 

Specific    Grav!t>'=3.i3 


TABLE  X.     Summary  of  Tensile  Tests  Reground  Cement. 


SAMPLE 


Neat  Cement.  Lb*,  per  sp.  in.  at  the  end  of ,  ^  Cement:  i  sand  Lbs.  per 

I  sq.  in  at  the  end  of 


24  hoars 


Market  . 
2  hours 
5  hours 
9  hours 

14  hours 


135.9 
327 -9 
348.8 
291.6 
365.0 


7  days 


555.3 

532.3 

568.3 

532.9 

596.7 

28  days 


657.8 
619.0 

631.3 
630 

598 


7  days 


167.9 
223.3 
243.0 
257.7 
283.1 


28  days 


242.7 
294.4 

350.5 

344.4 
380.6 


On  sheets  Nos,  III  and  IV  are  showu  graphically  the 
effects  of  the  degree  of  fineuess  oa  the  tensile  strength  of 
the  neat  cement  and  of  the  1 :  3  mixture  respectively.  On 
sheet  III  it  is  to  be  noted  that  a  much  different  curve  U 
given  at  tlie  end  of  24  honrs  tlian  at  the  end  of  longer 
periods.  The  increase  in  strength  is  the  more  decided  at 
the  end"  of  one  day,  the  finer  the  cement,    Tlie  longer  the 

TRAMS    AM   CEB    SOC.         VOl.X  WIMAMS   CURreiMfETl 
7$C 


5  50(1 


zoc 

tloura   rf^rovna 
Tensile   sirengih  neatcemeat 

setting  jH-riod,  however,  tlie  less  pt-onouiiic^. this  appears 
to  be,  and  tlie  28  day  curve  shows  an  actusil  decrease  in 
strengtli  with  increasing  fineness, 

Tlic  1  :3  curves  show  uniform  and  fairly  ra])id  rise  in 
strength  as  the  period  of  grinding  incresises.  It  is  to  lie 
expected  that  whatever  effects  fine  grinding  may  have  on 
the  strength  »v  bonding  power  of  t!ie  cement  wonid  become 
most  evident  wlien  it  is  used  with  an  aggregate.  The  neat 
cement,  therefore,  a]>pears  to  reacli  a  high  strengtli  (luickly. 


and  increasing  its  fineness  to  any  great  extent  not  onlj^ 
does  not  add  materially  to  its  strength,  but  may  even 
lessen  it  as  sliown  by  the  28  day  curve  (Xo.  III).  This 
may  possibly  be  accountetl  for  by  the  fact  that  in  the 
market  cement  many  of  the  larger  particles  which  are  not 
hydraulic  because  of  their  size,  serve  slniply  as  so  much 
sand  or  aggregate,  which  the  active  part,  or  the  cement 

TRAt*S.  AN.  CERSOC.     VOUX-  WiiLiAM»-CURVeSHteT]|. 
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flours  rtgrovnd. 
Ten^ilt  slnn^th.    fcenie/ri-S  iand. 

flour,  mnd«  together.  On  regrindiug,  an  increasing  (i«an- 
tity  of  these  inert  particles  is  re<Iuced  to  such  a  fineness 
that  they  become  active  and  the  filler  or  aggregate  is 
decreased  by  just  this  amount.  The  extreme  condition 
would,  of  course,  be  realized  should  the  clinker  be  reduced 
entirely  to  the  degree  of  impalpability  such  that  every  par- 
ticle would  become  immediately  liydraulically  active.  In 
this  instance  the  setting  reaction  -would  Ite  continuous 
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througlioiit  tlie  mass  of  the  feiiient,  evfpy  particle  eiiterinf; 
to  biiiltl  a  hoiiioseneotis  solid.  There  noald,  literally,  he 
no  afjgregate  and  the  setting  process  would  Ite  one  of  mass 
crystallization  of  (as  rcgarde<i  by  some)  colloid  formation, 
as  contrasted  with  the  interrupte<l  and  insterstitial  inter- 
growth  in  a  less  Unely  ground  cement  or  in  a  mortar 
mixture.         ^ 

TRANS.  AM.  CER.  SOC.    VOL.X. 
WILLIAM%  -  CURVE  iHEETY. 
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The  eff<*ct  on  tlie  bondinjr  power  of  the  cemt'ut  is 
eviilent  by  the  two  curves  on  Xo.  IV.  The  increase  in  the 
Rtrenfith  of  tlie  hric]uettes  with  jrn*ater  fineness  is  decidetl. 
ThJH  means  tliat  tlie  larger  the  proportion  of  cement  flour 
the  stronger  the  attachment  possilile  hetneeu  cement  and 
}]^ain»  of  s*and  or  other  aggregate. 

Curve  Sheet  Y  briugs  out  tJie  increase  of  tensile 
strength    with   increasing  setting  periods.     The  market 
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neat  eemeDt  has  a  low  »trenjrt^h  at  the  eud  of  a  day,  but 
jumps  more  rapidly  than  any  of  the  finer  grades  durinj^: 
the  first  week,  which  increase  continues  also  to  the  end  of 
28  days.  The  repjround  samples  have  higher  and  higher 
strengths  at  the  end  of  the  first  day  in  the  order  of  increas- 
ing fineness.  Their  increase  during  succeeding  days  is 
less  rapid  than  is  that  of  the  market  samj^,  and  this 
becomes  more  noticeable  the  longer  the  period  and  the  finer 
the  grinding.  With  the  1 : 3  mixture,  the  increase  in 
strength  is  more  uniform,  the  actual  pounds  per  square 
inch  becoming  greater  the  finer  the  cement,  both  at  the 
end  of  7  and  28  days.  While  with  the  neat  cement  the 
market  sample  attained  the  highest  strength  of  the  series 
at  the  end  of  28  days,  in  the  diluted  samples  the  final 
strength  is  greater  the  finer  the  cement,  with  but  one 
exception.  It  may  be  noticed  that  the  strength  of  the 
weakest  1 : 3  briquette  at  the  close  of  the  7  day  period  is 
greater  than  that  of  the  weakest  neat  cement  at  the  end 
of  24  hours. 

SOUNDNESS. 

Soundness  tests  developed  no  serious  defects,  each 
cement  passing  satisfactorily  both  normal  and  accelerated 
tests.  ^• 

A  decided  difference  in  the  working  qualities  of  the 
various  cements  would  be  expected  from  the  rapidly  de- 
creasing 8pa(*e  of  time  required  for  the  initial  set.  (Table 
IV.)  It  was  found  that  the  cement  became  stickier  to 
the  trowel  and  to  the  hands  as  fineness  increased,  and  to 
an  annoying  extent  in  the  finest  grained  samples. ^  Like- 
wise the^apidity  of  the  initial  set  rendered  working  diffi- 
cult. The  finest  samples  required  working  down  several 
times  during  the  process  of  filling  the  molds  for  the  tensile 
tests.  A  cement  that  sets  in  5  or  even  17  minutes  as  do 
the  9-  and  14-hour  samples  can  scarcely  be  expected  to  give 
the  best  of  satisfaction  in  use. 

It,  of  course,  remains  to  be  learned  whether  tho  results 
of  a  series  of  tests  on  a  number  of  different  cements  will 
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substantiate  the  more  decided  tendencies  brought  out  in 
these  experiments.  It  seems  highly  probable,  however, 
that  certain  of  the  more  pronounced  effects  will  be  pro- 
duced in  every  case. 

Fine  grinding  produces  a  cement  which  sets  more 
quickly  and  which  attains  a  high  strength  in  a  shorter 
period  of  tjtB^  witJi  the  same  proportions.  This  fact  is 
suggestive,  if  fine  grinding  simply  renders  active  more 
of  the  inert  portion  of  the  cement  clinker,  which  formerly 
served  the  function  qflE  sand,  we  have  before  us  the  question, 
whether  to  (1)  grind  finer  and  therefore  use  in  cement 
work  a  lower  proportion  of  cement  and  a  correspondingly 
greater  proportion  of  sand  or  other  aggregate  in  order  to 
obtain  the  strength  and  stability  which  reijuirements  now 
specify;  or  (2)  to  continue  to  use  the  present  proportions 
with  the  more  finely  ground  cement,  but  produce  work 
which  attains  a  greater  strength  in  a  shorter  length  of 
time.  In  the  latter  case,  for  example,  the  rapid  hardening 
would  permit  of  the  earlier  removal  of  forms  from  concrete 
structures,  a  saving  which  is  of  course  to  be  balanced 
against  the  extra  cost  of  fine  grinding.  At  the  same  time, 
the  difficulty  of  working  and  handling  the  more  active, 
finely  pulverized  cement  would  probably  render  this  alter- 
native unfeasible  under  present  methods  £U^  standard?^. 

Assuming  that  a  greater  dc^gree  of  meness  may  b(» 
economically  possible  from  the  cement  manufacturer's 
standpoint,  the  first  of  the  above  suggested  results  woul  1 
pr(>l)ably  be  the  more  practicable.  Less  cement  would  be 
required  to  give  the  same  bonding  power.  Should  it  prove 
that  the  ultimate  strength  of  finely  ground  cement  is 
greater,  this  would  tend  towards  the  revision  (•present 
dimensional  standards  to  meet  imposed  conditions.  For 
example^  a  reinforced  concrete  floor  to  support  itself  and 
to  bear  a  specified  load  must  1k»  of  a  certain  calculated 
thickness  to  be  siife.  A  saving  of  cement  and  an  economy 
of  space  would  be  realized  in  the  use  of  a  less  proportion 
of  th(»  bonding  agent  could  the  same  strength  be  attained. 

There  is,  again,  another  pha$e  of  the  matter  which 
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concerns  more  specifically  the  cement  manufacturer.  Th 
best  information  goes  to  show  that  less  than  50  per  cent 
of  our  commercial  Portland  cement  possesses  cementing 
properties.  The  remaining  more  than  one  half  is  inert, 
although  of  presumably  the  same  comijosition  and  consti- 
tution. In  other  words,  our  commercial  article  has  already 
in  it,  when  put  upon  the  market,  say  50  to  60, per  cent  of 
sand.  This  sand  has  been  obtained,  however,  in,  it  would 
seem,  the  most  roundabout  and  expensive  manner  imag- 
inable. Limestone  and  shale  have  b6fcn  quarried,  finely 
pulverized,  mixed,  burned,  and,  finally,  again  ground,  sev- 
eral intricate  and  costly  processes,  to  produce  Portland 
cement.  50  to  60  per  cent  of  this  article  is  sand,  whoso 
production  has  refjuired  substantially  the  same  outlay  as 
has  the  relatively  paltry  30  to  40  per  cent  that  really  pos- 
sesses cementing  properties.  The  non-hydraulic  coarser 
grains  serve,  then,  as  so  much  retarder  wnich  so  regulates 
the  speed  of  setting  of  the  mass  that  the  cement  may  be 
put  to  practical  use.  We,  who  do  not  fully  understand  the 
minutiae  of  the  processes  of  manufacture  nor  the  chemical 
technique  of  the  setting  and  hardening  of  cements,  may 
ask,  why  not  grind  tlie  entire  output  of  the  kilns  to  such  a 
fineness  that  every  particle  will  possess  hydraulicity,  and 
then,  if  a  retarder  is  necessarv,  which  no  doubt  will  be, 
add  some  inexpensive  inert  material  froiu  another  source 
to  take  the  pla(*e  of  those  coarse  particles  which,  in  our 
present  I^ortlands,  we  believe  serve  no  other  purpose? 

It  is  appreciated  that  the  cost  of  pulverizing  hard 
clinker  rises  very  rapidly  with  the  increase  in  the  fineness 
of  the  product  desired.  There  is  of  course  a  limit  of  fine- 
ness beyond  which  an  economic  effi(*ienc3',  in  the  present 
day  mills  and  methods  of  operation,  can  not  be  maintained. 
The  efflciencv  of  the  tube  mills  in  such  Cummon  use  runs 

c 

rapidly  down  as  the  particles  become  smaller  and  as  the 
proportion  of  the  excessively  fine  increases.  To  do  the 
most  efficient  work  anv  mill  must  be  hindered  the  least 
possible  amount  by  the  retention  of  particles  that  hav<^ 
reached  the  desired  degree  of  fineness.    A  step  in  advance 
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along  this  line  is  the  application  of  some  method  of  separ- 
ating and  removing  the  pulverized  particles  as  soon  as  they 
have  reached  the  desired  degree  of  comminution. 

The  data  reported  in  this  paper  have  but  served  to 
open  up  a  number  of  questions  concerning  which  investiga- 
tion mav  vield  valuable  information.  Some  mav  hesitate 
to  accept  tile  prediction  of  Dr.  Michaelis,  Jr.,*  that  our 
pre^sent  Portland  cement  can  not  be  improved  or  it«  effi- 
ciency increased  hy  fine  grinding.  This  may  be  literally 
true,  but  we  do  mK  understand  by  it  that  improvement 
cannot  he  expected  by  reduction  of  the  coarser  particles, 
not  necessarily  to  a  f/rratcr  fineness  than  the  cement  proper 
alreadv  has,  but  to  at  least  such  a  size  that  thev  themselves 
will  possess  active  cementing  qualities. 
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NOTE  ON  SOME  FUSION  CURVES. 

BY 

A.  V.  Bleixixger,  Champaign,  111. 

In  the  study  of  the  chemistry  and  physics  of  ceramics 
the  mechanism  of  the  fusion  processes  is  of  vital  import- 
ance. Yet  our  knowledge  of  these  fundamental  processes 
is  exi-eedingly  limited,  which  is  due  to  the  fact  that  we 
have  continued  to  investigate  complex  conditions  with  so 
many  variables  that  our  equations  have  been  far  too  few 
to  solve  them.  It  is  high  time  that  we  modestly  begin  the 
study  of  the  simpler  relations  and,  after  mastering  them, 
proceed  to  the  investigation  of  the  more  complicated  sys- 
tems. There  is  no  reason  whv  in  this  wav  we  should  not 
obtain  in  time  a  fairly  accurate  knowledge  of  the  chemistry 
of  clavs. 

We  must  expect  to  meet  discouragement,  however,  for 
only  by  the  most  painstaking  care  in  keeping  the  conditions 
constant  will  we  be  enabled  to  obtaiti  consistent  results. 
We  must  at  all  times  rememl)er  that  the  reacti(ms  taking 
place  in  our  clays  are  never  completed  but  will  always 
remain  far  from  the  end-point,  and  that  they  are  dependent 
upon  the  conditicms.of  the  partial  equilibrium  reachtnl.  Ev- 
idently important  factors  are, — slow  or  rapid  heating,  crys- 
talline or  amorphous  substances,  etc. 

Though  we  may  not  reach  the  most  exact  knowledge* 
of  the  subject,  by  keeping  as  many  conditions  constant  as 
possible  we  shall  learn  much  from  the  correlation  of  melt- 
ing-points and  here,  fortunately,  the  dilferentiation  of 
melting  point  series  is  of  greater  help  to  us  ihan  the 
knowledeg  of  isolated  melting  points.  In  this  way  the 
maximum  and  minimum  points  are  detected,  and  we  are 
enabled  to  fix  the  temperatures  at  which  chemical  reactions 
take  place,  the  fusion  temperatures  of  the  eutectic  mixtures 
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and  the  compositions  corresponding  to  these  critical 
points.  Usually,  maximum  points  correspond  to  com- 
pounds and  the  minimum  points  to  eutectic  mixtures. 

In  the  preliminary  study  of  the  fusion  curves  begun  at 
the  University  of  Illinois,  the  first  work  comprised  mix- 
tures of  feldspar,  ferric  oxide  and  whiting,  since  these 
mixtures  are  of  interest  in  the  studv  of  some  of  the  Illinois 
clays.  Commercial  materials  were  used  and  it  was  found 
that,  though  the  whiting  appeared  to  be  of  good  color  and 
was  bought  as  high-grade  material  it  proved  quite  impure. 

The  composition  of  the  feldspar,  whiting  and  ferric 
oxide  was  found  to  be  as  follows: 


Silica 


Alumina 


Feldspar  . . 
Whiting  . . 
Iron  Oxide 


68.22 

1.62 


17.83 
3.50 


Ferric 
Oxide 


trace 
trace 
99.00 


iJme 

Magnesia     Potash 

Soda 

0.30 
52.65 

o.ir      12.13 
trace  !   

1 

1.90 

•    •    •    • 

.... 

These  three  constituents  were  ground  together,  dry, 
in  a  small  ball  mill,  in  various  proportions,  from  100% 
feldspar  to  iOfc  ferric  oxide,  100%  spar  to  40%  whiting 
and  100%  si^ar  to  40%  ferric  oxide  plus  whiting,  in  inter- 
vals from  1-5%.  The  interval  was  made  small,  close  to 
100%  of  feldspar,  so  as  to  bring  out  the  effect  of  smaller 
amounts  of  either  material  upon  feldspar.  From  1%  the 
interval  was  increased  to  2,  3  and  5%  as  the  feldspar 
diminished  in  amount. 

The  mixtures  were  then  made  up  with"  dextrine  water 
into  a  dough  and  molded  into  cones  in  a  metal  mold.  After 
drying,  the  cones  were  placed  on  clay  slabs,  in  duplicate 
rows  and  melted  down  in  a  coke-fired  test  kiln,  having  been 
protected  from  the  flame  by  means  of  a  high  tile  sagger 
which  was  partially  open  on  the  back  and  front.  A  thermo- 
couple was  placed  as  close  to  the  cones  as  possible.  Cor- 
rection' was  made  for  the  cold  junction  temperature. 
Through  a  thin  piece  of  glass  inserted  in  the  spy  hole  the 
cones  were  watched  with  ease,  and  their  going  down  ob- 
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served  by  means  of  an  opera  glass.  Unfortunately  Konie  of 
the  cones  were  cracked  in  drying  due  to  an  excess  of  dex- 
trine and  broke  off  in  the  kiln.  These  were  not  considered 
in  the  result. 

In  Fig.  1  we  have  shown  the  fusion  curve  of  the  feld- 
spar-ferric oxide  series,  and  a  eutectic  is  clearly  indicated 
with  91%  feldspar  and  9%  of  iron  oxide.  This  mixture 
corresponds  to  the  formula : 


0.015  MgO 
0.034  CaO 
0.766  K»0 
0.185  NaaO 


1 .  04    AUOt 
0.^15  Fe-Os 


6.82  SiO, 


The  feldspar  formula  is  represented  by  the  same  for- 
mula but  without  the  ircm.  This  mixturt-  therefore  fuses 
at  a  lower  temi)erature  than  the  feldspar  itself  or  any 
other  mixture  of  the  series. 

In  Fig.  2  the  feldspar-lime  series  is  not  complete  owing 
to  the  breaking  of  some  of  the  cones,  and  hence  the  eutectic 
point  is  not  definitely  established,  but  it  is  quite  evident 
that  it  is  (lose  to  Q7^/c  feldspar,  3^c  whiting.  This  would 
correspcmd  to  a  slight  enriching  of  the  spar  in  lime 
corresponding  to  alxmt  0.03  equivalent.  Since  this  point 
was  not  determineil  with  certaintv  no  interest  is  attached 
to  its  formula. 

In  Fig.  3  there  are  plotted  the  compositions  of  the 
mixtures  in  terms  of  the  percentages  of  feidsi)ar,  ircm-oxide 
and  whiting,  and  it  is  evident  that  the  isothermal  composi- 
tions are  connected  by  some  definite  law.  Each  curve 
represents  a  tem[)erature  interval  of  20',  correspond- 
ing to  the  range  of  one  cone.  Thus  every  mixture  in  the 
inner  area  nu»lted  between  1175"^  and  1195^(\  The  increase 
in  area  indicates  the  enriching  of  the  fusion  by  the  soluticm 
of  other  materials  on  raising  the  tempt-rature.  and  \\e 
learn  thus  in  what  directicm  this  takes  place. 

Similar  curves  carried  on  very  carefully  with  pure 
lead  silicates,  fusing  the  ccmes  in  an  electric  furnace, 
showed  some  disturbing  factor  owing  to  volatilizaticm  of 
Uie  lead,  and  hence  are  not  produced.     This  trouble  was 
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encountered  even  with  fritted  glasses,  and  the  work  is  to 
be  rei)eated  under  special  precautions. 

DISCUSSION. 

The  Chair:  I  think  Professor  Bleininger  has  given 
us  a  splendid  paper,  and  I  am  very  glad  to  know  that  he 
is  getting  near  to  the  practical  man.  I  will  call  on  Mr. 
Stover,  as  a  practical  man,  to  discuss  the  paper. 

J/r.  stover:  I  would  like  to  ask  Professor  Bleininger 
why  he  expressed  the  data  in  percentage  weights? 

J/r.  Bleinifiycr:    Because  it  was  the  simplest  way. 

Mr,  titot'cr:  I  don't  want  to  say  a  word  against  the 
use  of  technical  formula^,  for  I  sat  up  many  nights  in  order 
to  master  it  so  I  could  figure  them  out  by  myself;  but  it  is 
a  fact  that  I  have  been  arguing  along  the  line  of  this  sort 
of  expression  without  much  result  until  at  this  meeting. 
I  have  contended  it  would  make  it  more  simple,  and  if  we 
could  have  the  kind  of  data  Mr.  Bleininger  has  been  trying 
to  give  us  lying  around  in  the  mixing  rooms  of  the  practical 
potters  in  Trenton  and  East  Liverpool,  we  would  have 
something  here  in  the  pages  of  the  proceedings  which  would 
be  of  practical  value.  But  for  the  most  part,  we  are  soaring 
around  over  their  heads  and  they  cannot  understand  us. 
I  am  glad  Professor  Bleininger  has  put  his  data  in  plain 
percentages,  for  I  believe  it  will  be  productive  of  practical 
results. 

Thr  (hair:  I  want  to  say,  as  a  practical  nuui,  that  I 
am  impresserl  with  the  fact  that  we  are  getting  closer  and 
closer  to  the  practical  man  in  our  work.  There  are  many 
things  about  the  technical  part  of  the  American  Ceramic 
Society's  work  which  the  practical  man  cannot  understand ; 
but  he  realiz<»s  the  meat  is  there  even  though  he  cannot 
always  digest  it.  I  think  this  is  a  simple  method  and  that 
the  practical  man  will  by  and  by  conclule  that  after  all 
there  is  something  in  i>ottery  worth  knowing  that  he  does 
not  understand. 


THE  ACTION  OF  THE  DIFFERENT  FORMS  OF 
CALQUM  AS  A  FLUX  IN  PORCELAIN 

MANUFACTURE- 
BY 

Arthur  S.  Watts^  Victor,  N.  Y. 

Some  time  ago  while  in  conversation  with  a  practical 
potter  I  was  asked  for  my  experience  with  marble  dust  as 
a  substitute  for  whiting.  The  impression  seemed  to  prevail 
that  it  gave  a  whiter  product.  I  could  not  imagine  how 
marble  could  produce  any  different  results  than  is  obtained 
from  whiting  provided  both  have  the  same  chemical  com- 
position and  are  reduced  to  the  same  degree  of  fineness. 
However,  as  I  had  never  seen  a  series  of  porcelains  in  which 
the  action  of  the  different  calcium  fluxes  are  comparable, 
I  was  unable  to  make  any  statement.  The  only  data  which 
I  could  find  along  this  line  is  an  article  by  H.  E.  Ashley  in 
Vol.  VIII,  Trans.  A.  C.  S.,  pages  147153.  In  this  article 
Mr.  Ashley  gives  some  valuable  data  on  "The  Action  of 
Lime  in  Earthenware  Bodies,''  in  which  he  compares  the 
action  of  whiting  and  fluorspar  as  r^ards  absorption, 
abrasion  and  translucencv. 

I  decided  to  cover  the  same  field  in  porcelain,  but  in 
order  to  make  the  paper  more  complete  I  decided  to  add 
CaS04  to  the  list  and  also  to  make  a  series  using  pulverized 
marble.  In  order  to  make  the  work  as  practical  as  possible 
I  have  used  only  the  best  grade  of  English  China  and  Ball 
Clays  and  the  best  ground  rock  flint  and  spar. 

The  analyses  of  the  Calcium  Fluxes  are  as  follows : 

WHITIXG. 

CaCOa    970 

Silicious   Residue    021 

FcaOs   trace 
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PULVERIZED  MARBLE. 
CaCOa    7678 

MgCOa    I716 

AlaOj    0064 

Fe»Oa    00108 

Silicious  Residue 0432 

PLASTER  OF  PARIS. 

CaSO*  946 

MgCOs  016 

FesOa    trace 

Silicious  Residue 021 

FLUORSPAR. 

No  complete  analysis  attempted  but  a  titration  for  iron  shows  that 
only  a  trace  is  present. 

I  chose  as  the  foundation  of  the  series  a  good  practical 
porcelain  body  of  the  following  composition: 

Series  O— .16  KaO  :  i.  AUO,  :  45  SiO, 
which  ^in  percent  weights  is: 

Feldspar  21 .  35 

English  China  Clay  43-92 

English  Ball  Clay  8.00 

Flint  ." 26. 73 

This  gives  at  cones  10  to  12  a  good  white  porcelain 
of  splendid  translucency  and  good  color.  The  color  could 
undoubtedly  be  improved  bj^  reducing  the  per  cent  of  ball 
clay,  but  as  it  stands  it  is  a  good  porcelain  body.  With  this 
formula  as  a  basis  I  made  four  series,  viz. : 

Series  K — in  which  calcium  will  be  introduced  as  whit- 
ing, (raCO.,). 

Series  L — in  which  calcium  will  be  introduced  as  pul- 
verized marble,  (ra(H).j,  MgCO.,). 

Series  M — in  which  cah-ium  will  be  intrcnluceil  as  plas- 
ter of  Paris,  ((^aSO^). 

Seri(*s  N — in  which  calcium  will  be  introdu(*eil  as 
fluorspar,  (CaF). 
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Body  O  which  will  contain  no  calcium  flux  and  which 
will  be  used  as  a  standard  to  determine  the  extent  of  the 
action  of  the  various  added  fluxes. 

I  am  adding  these  fluxes  to  the  standard  body  instead 
of  substituting  bec*ause  in  my  judgment  this  is  the  only 
exact  method  by  which  we  can  compare  their  action. 

From  this  O  body  I  have  developed  the  following  range 
as  uniform  to  everv  series : 


K,  L,  n  &  N     1 


.I6K.0    I 

.16  CaO     j 


I.  AI2O3 


] 


4.5  SiOi 


.16  KaO    ;  f 

K,  L,  n  &  N    2  V     I .  AUO,    \ 

.12  CaO      )  J 


K,  L,  M  &  N-3 


K,  L,  n  &  N-5 


.16  K.O 
.08  CaO 

.16  K«0 
04.  CaO 


I     I.  AUO,    I 
I     I.  A1,0,    I 


4.5  SiO. 


4.5  SiO. 


4.5  SiOi 


To  obtain  the  batch  of  the  various  series  you  have 
only  to  add  "O"  body  as  follows : 


No.   1 


In  K  Series  add  Whiting    

In  L  Series  add  Pulverized  Marble. . . 

In  M  Series  add  Plaster  of  Paris 

In  N  Series  add  Fluorspar 


No.  2       No.   3       No.   4 


3.83% 

2.88% 

1.92% 

3.60% 

2.70% 

1.80% 

6.58% 

4.94% 

3.30% 

3.00% 

2.25% 

1 .  50% 

.96% 

.90% 

1.65% 

.75% 


These  series  were  made  in  the  regular  way  by  grinding 
in  ball  mills,  lawning  and  filtering.  The  different  batches 
were  wrapped  in  wet  cloths  and  allowed  to  soak  for  a 
couple  of  days  tefore  being  made  into  test  pieces.  For  test 
pieces  I  made  up  the  materials  into  f(mr  different  forms: 
4  inch  plates,  1  inch  cubes,  tensile  test  briquettes  with  1 
inch  cross  section  and  pyrometric  cones.    These  latter  were 
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to  be  made  use  of  for  preliminary  firing  in  order  that  the 
work  might  be  outlined  before  firing  the  regular  test 
pieces. 

I  first  fired,  at  cone  12,  3  sets  of  cones  covering  the 
complete  series.  This  test  was  made  under  normal  condi- 
tions, the  burn  being  of  40  hours  duration  and  the  cooling 
being  slow  and  as  nearly  as  possible  in  neutral  atmosphere. 

The  result  was  somewhat  of  a  surprise.  All  the  series 
of  cones  stood  the  fire  of  cone  12  withiut  anv  evidence  of 
bending,  and  save  for  a  slightly  glossier  surface  on  some 
there  was  no  diflference  in  appearance  between  the  different 
members  of  any  of  the  series.  Howevei-,  when  the  test 
pieces  were  fired,  N-1  bloated  badly  and  N-2  showed  some 
bloat.  L-1  and  L-2  also  showed  minute  bloat,  but  in  this 
series  it  appears  as  a  few  pimples  only. 

Regarding  color,  it  is  a  question  if  any  of  the  series 
is  whiter  than  the  others.  After  careful  study  and  by 
calling  on  others  for  their  opinion  it  was  decided  that  L 
series  was  a  trifle  whiter  than  the  other,  but  of  the  remain- 
der any  judgment  might  be  contradicted.  The  K  and  M 
series  display  a  very  slight  shading  toward  the  lemon, 
while  the  N  series  shows  a  slight  shading  toward  the 
brown.  The  series  O  cones  which  contain  no  lime  cannot 
be  distinguished  from  the  others  by  color,  so  uniform  is 
the  entire  set.  The  translucency  of  the  series  was  studied 
and  no  conclusion  could  be  reached.  There  is  possibly  a 
slightly  increased  translucency  in  the  numbers  highest  in 
calcium,  but  the  increase,  if  any,  is  very  small. 

Regarding  brittlencj^s,  I  would  say  that  it  is  especially 
notable  that  the  L  and  N  series  highest  in  calcium  are 
markedly  more  brittle.  As  a  general  statement  I  should 
say  that  of  the  four  series  there  is  not  enough  difference 
to  enable  one  to  make  a  positive  selec*tion.  None  of  these 
forms  of  calcium  seems  more  active  as  a  flux  than  the  others 
under  the  conditions  prevailing.  It  is  evident,  therefore, 
fliat  with  uniform  firing  and  gradual  cooling  in  neutral  or 
very  slightly  oxidizing  atmosphere,  one  form  of  calcium 
is  as  good  as  another. 
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However,  should  the  firing  be  irregular  or  should  a 
period  of  severe  oxidation  or  reduction  prevail,  there  might 
be  a  difference  in  their  action  and  a  pronounced  superiority 
be  indicated. 

To  determine  this  the  test  pieces  were  divided  and  one 
portion  was  subjected  to  a  severe  oxidizing  burn  while  the 
other  was  subjected  to  a  severe  reducing  burn. 

OXIDIZING  BURN. 

This  burn  A\-as  made  at  cone  12,  and  to  insure  the  color 
of  iron  being  brought  out  as  pronouncedly  as  possible,  there 
was  introduced  into  the  burn  several  short  reducing  per- 
iods followed  by  severe  oxidation.  At  the  close  of  the 
firing,  which  was  a  standard  40  hour  burn,  the  trials  were 
cooled  in  as  strongly  oxidizing  an  atmosphere  as  W/OS  ob- 
tainable. For  this  reason  the  cooling  period  was  somewhat 
shorter  than  on  the  neutral  or  reducing  burn.  The  results 
of  this  burn  are  far  in  excess  of  my  expectations. 

Color.  So  far  as  color  is  concerned  this  burn  has  cer- 
tainly brought  results.  All  of  the  trials  highest  in  calcium, 
viz.,  K-1,  L-1,  M-1  and  N-1  are  very  pronouncedly  yellow, 
while  the  higher  numbers  of  the  series  which  contain  pro- 
portionately less  calcium  are  nicely  graduated  in  color 
scale,  ending  in  the  O  series  which  is  a  very  pale  cream  and 
bv  far  the  lea>it  affected  of  anv  of  the  series.  The  most 
pronounced  yellow  color  is  displayed  by  the  M  Series  whicli 
carries  the  plaster  of  Paris.  This  is  followed  in  order  by 
the  N  series  carrying  the  fluorspar,  the  K  series  carrying 
the  whiting  and  last  the  L  series  carrying  the  pulveriz^ed 
marble. 

Condition  of  trials.  Even  more  pronounced  than  the 
color  is  the  condition  of  the  trials.  There  is  a  notable 
increase  in  si^e  of  every  series  indicating  that  either  minute 
bloating  has  occurred  or  that  the  shrinkage  has  been 
reduced. 

The  increase  in  size  is  most  pronounces!  in  the  N  series 
where  bloating  has  undoubtedly  occurred.     N-1  of  this 
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series  shows  a  notable  bloatiuji:,  the  entire  mass  being 
swollen  and  slijrhtly  distorted.  The  bloating  and  size  de- 
crease uniformly  in  the  higher  numbers  of  the  N  series 
until  in  N-4  we  find  the  bloat  reduced  to  a  satin-like  sur- 
face and  the  size  25%  less  than  N-1. 

Series  K  and  L  are  next  in  order  of  size,  and  are  very 
nearly  the  same  in  this  respect.  No  bloating  is  apparent 
in  series  K,  but  both  L-1  and  L-2  have  a  few  small  bloat 
bubbles  and  L-3  has  a  few  spots  that  possibly  are  minute 
bubbles.  The  bloat  in  this  series  does  noit  affect  the  entire 
mass  to  distort  it  as  i«  the  case  jn  series  N,  but  displays 
itself  as  isolated  bubbles  which  are  well  defined. 

Series  M  seems  to  be  affected  least  of  any  so  far  as 
changed  size  is  concerned,  but  «ho\>'s  a  few  Isolated  bubbles 
on  M-1  and  a  reduced  number  on  series  M-2.  M-3  and  M-4 
are  smooth  and  clean. 

GcHfTal  (Conclusion.  In  general  conclusion  of  this 
burn  I  would  say  that,  in  my  judgment,  the  bloat  observed 
was  the  direct  result  of  the  reducing  action  resorted  to  in 
order  to  get  the  fiashing  effect  desired  to  bring  out  the 
color.  That  complete  reduction  was  followed  by  complete 
oxidation  is  certain  since  the  trials  show  the  same  color 
through  their  entire  cross-section  when  broken  in  the  ten- 
sile test.  So  severe  a  conditions  as  this  would  not  likely 
prevail  in  ordinary  work,  but  should  you  put  on  a  very 
heavy  fire  near  the  finish  without  first  cleaning  your  grates 
to  permit  of  a  free  draft,  you  might  obtain  for  a  time  a 
condition  which,  on  the  return  to  oxidizing  atmosphere, 
would  produce  identically  this  color  and  condition  on  the 
surface  and  perhaps  throughout  thin  ware. 

REDUCING  BURN. 

This  set  of  trials  was  nec*essarily  fired  under  oxidizing 
conditirms  until  a  good  cherry  red  heat  was  reached,  when 
the  draft  was  cut  ba(*k  and  just  as  little  excess  air  was 
passed  into  the  kiln  as  was  necessary  to  maintain  an  in- 
creasing temperature.  Every  precaution  possible  was  taken 
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to  prevent  a  flash  of  oxidation  at  the  finish.  When  the 
desired  temperature  was  reached  and  the  fires  burned  clean 
and  clear,  all  drafts  were  closed  and  a  reducinj^  atmosphere 
was  maintained  during  a  slow  cooling  period.  The  temper- 
ature reached  in  this  burn  was  only  cone  10  flat,  but  on 
account  of  other  ware  in  the  kiln  it  was  not  considered 
advisable  to  go  higher  with  such  severe  reducing  conditions 
prevailing. 

The  results  are  as  pronounced  and  as  interesting  is 
were  noted  in  the  oxidized  burn  and  as  little  to  be  expected. 

Volar,  Instead  of  the  pale  cream  white  noted  in  the 
neutral  burn  or  the  pronounced  yellow  of  the  oxidizing 
burn,  we  now  have  a  pronounctni  blue  white.  This  is  shown 
most  prominently  by  the  N  series  in  which  N-1  displays  a 
pronounced  blue  stone  color  such  as  is  noted  in  vitrified 
buff  clay.  N-2  displays  this  blue-stoning  lews  intensely 
and  N-3  and  N-4  shade  up  to  a  good  blue  white. 

Series  L  is  next  to  N  in  degree^  of  color,  followed  in 
order  bv  K  with  M  least  affected.  The  intensitv  of  color  in 
the  meml)ers  of  ea<*h  series  decreases  proportionately  as 
the  content  of  lime  de<Teases  until  in  K-4,  L-4,  M-4  and 
X-4  we  have  very  little  more  of  the  blue  tendency  than  is 
displayed  by  the  O  body  in  which  there  is  no  calcium. 

Regarding  the  color  of  these  trials,  1  would  say  that, 
in  my  judgment,  and  by  comparison  with  other  porcelains. 
K-2,'3  and  4,  L-2,  3  and  4  and  M-2,  3  and  4  in  the  reducing 
burn,  are  all  superior  to  O  as  regards  whiteness  of  color, 
since  O  displaj^  even  under  reducing  conditions  a  trace  of 
cream  color.  N-4  might  be  included  in  this  lot  also,  but  I 
think  its  texture  would  condemn  it  as  I  will  explain  latter. 

Texture  and  Shrinlage.  In  this  burn  the  variation  in 
size  is  iiot  nearly  so  pronounced  as  in  the  oxidized  burn. 
Series  N  is  again  the  largest  of  the  series  and  is  followed 
in  order  by  series  K,  series  L  and  series  M.  The  texture 
and  vitrification  of  this  set  of  trials  is  very  interesting. 

Series  N  has  undoubtedly  insipient  bloat  since  its 
surface  is  not  dissimilar  to  series  N  under  the  oxidizing 
burn,  except  that  there  is  no  evidence  of  distortion. 
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N-1  has  a  dry  rough  surface. 

N-2  has  a  peculiar  egg  shell  surface  such  as  we  some- 
times find  in  bone  china. 

N-3  shows  a  slight  gloss  and  less  of  the  egg  shell  effect. 

N-4  is  quite  glossy  and  smooth,  but  still  shows  a  trace 
of  the  egg  shell  surface. 

Series  L  undoubtedly  is  the  next  in  order  of  vitrifica- 
tion since  its  surfaces  are  all  bright. 

L-1  shows  fine  sharp  corners  but  is  highly  self -glazed. 

L-2  is  a  trifle  less  glossy  than  L-1  and  less  self-glazed. 

L-3  shows  a  fine  smooth  surface  and  but  little  evidence 
of  self-glaze. 

Lr4  is  a  very  highly  vitrified  piece  of  porcelain  but 
without  any  evidence  of  self-glaze. 

M  series  is  next  in  order,  but  only  in  M-1  is  there  any 
evidence  of  self-glazing. 

M-2  shows  a  fine  smooth  surface  but  little  gloss,  while 
M-3  shows  a  decreasing  degree  of  vitrification. 

M-4  is  a  dry  vitreous  surface  without  gloss. 

K  series  is  last  in  order,  and  only  by  close  study  can 
you  detect  any  shine  on  the  surface  of  any  of  this  series. 

K-1  shows  a  trace  of  gloss,  while  K-2  is  as  dry  surfaced 
as  M-4.    K-3  and  K-4  are  dry  hard  porcelains. 

Series  O  is  a  smooth  hard  porcelain,  which  appears  in- 
tensely white  until  brought  in  contrast  with  some  of  the 
series  which  display  a  pronounced  blue  color. 

UNIFORM  TESTS  ON  ENTIRE  SERIES. 

I  now  decided  to  determine  the  moisture,  shrinkage 
and  specific  gravity  on  the  various  trials,  and  I  present  a 
table  in  whi(»h  the  results  of  the  various  determinations  arc 
set  down : 
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TABLE   OF   SPECIFIC   GRAVITY,    SHRINKAGE   AND   ABSORP- 
TION, SHOWING  EFFECT  OF  VARIROUS  LIME  FLUXES. 
UNDER  DIFFERENT  KILN  CONDITIONS. 
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K 
K 
K 

L 
L 
L 
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M  2 
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Absorb- 
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14.93% 
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11.98% 

12.83% 
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15.74% 
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2.3123 
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2.I218 
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.—%  12.3777 
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.  192% 
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2.2673 

2.3626 

2.3963 


5.70%! 

5.87% 
5.87% 
5.93% 

5.34% 

5.4^% 
5.58% 

5.99% 


5.99% 

6.37% 
6.67% 
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5.02% 
5.24% 
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5.87% 
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REDUCED 
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% 
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% 
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% 
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% 
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% 
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% 

2.3088 
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2.4426 
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7.13% 
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8.45% 

7.44% 
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6.42% 
16.97% 


-% 
-% 
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-% 
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-% 
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-% 
-% 
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-% 
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Moisture,  The  moisture  determination  was  made  by 
soaking  tlie  test  pieces  for  48  hours  in  water  maintained 
at  just  below  the  boiling  point.  You  will  notice  that  onlj 
in  the  oxidized  trials  is  there  any  evidence  of  absorption. 
The  N  series  shows  the  greatest  absorption,  N-1  absorbing 
.420%  moisture,  which  in  N-4  is  reduced  to  .046%.  The 
L  series  is  the  only  other  series  showing  any  absorption, 
and  in  the  maximum  case  of  L-1  it  only  shows  .10%. 

Shrinkage,  The  shrinkage  trials  are  taken  by  meas- 
urement, and  where  the  difference  is  so  small  as  is  the 
case  with  a  series  of  porcelains,  tliere  is  always  a  possibility 
of  error.  However,  the  record  is  in  every  case  an  average 
of  four  measurements  except  in  the  normal  burn,  of  which 
I  had  onlv  one  set  of  measurements. 
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.  fypccific  Gravity,  In  this  I  think  I  llnd  the  most  re- 
liable means  of  measuring  and  comparing,  since  the  ordi- 
nary factors  of  warped  test  pieces,  uneven  finishing,  etc., 
which  makes  the  shrinkage  determinations  so  unsatisfac- 
tory, do  not  enter.  The  data  on  specific  gravity  as  here 
offered  is  the  result  of  two  complete  sets  checked  by  dupli- 
cate weighings. 

Note  how  widely  varied  are  the  specific  gravities  of 
the  oxidized  trials,  how  they  invariably  draw  into  a  nar- 
rower area  in  the  normal  and  are,  except  in  the  case  of  the 
N  series,  still  closer  together  in  the  reduced  trials.  This 
is  well  shown  in  the  accompanying  plot  in  which  I  have 
tried  to  show  by  comparable  curves  the  range  covered  by 
the  diflferent  compounds  under  the  three  different  heat 
conditions.  Comparing  the  range  of  specific  gravity  for 
the  different  series,  we  see  that  Series  M  is  decidedly  the 
best  of  the  lot,  as  its  variation,  where  .16  equivalent  of 
calcium  is  used,  is  only  .20  over  the  entire  range,  while 
with  .04  CaO  used,  the  maximum  variation  of  its  specific 
gravity  is  only  .04. 

Series  L  comes  next  in  this  respect  with  a  maximum 
variation  posisble  in  L-1  of  .41  in  specific  gravity  and  a 
maximum  variation  in  specific  gravity  of  L-4  of  .0781. 

Series  K  comes  next  in  order  with  a  maximum  specific 
gravity  variation  in  K-1  of  ,434,  while  the  maximum  varia- 
tion of  K-4  is  .12. 

Series  N  has  the  greatest  variation  of  any  of  the  series 
and  yet  its  variation  under  the  various  heat  treatments  is 
not  nearly  so  great  as  one  would  expect  to  find  on  examin- 
ing the  trials.  Its  maximum  specific  gravity  variation  in 
N-1  is  only  .442,  which  is  practically  the  Siime  as  we  find  in 
K  series.  Its  minimum  in  N-4  is,  however,  .4235,  showing 
that  when  present  even  in  small  quantities,  It  does  its  work. 

"O"  Bodv  under  the  various  treatments  has  a  maxi- 
mum  specific  gravity  range  of  .0463.  Note  also  that  its 
lowest  specific  graAity  is  displayed  in  the  normal  trials. 
This  quality  is  displayed  also  by  L-4  and  M-3  and  M-4. 
For  this  phenomenon  I  can  offer  no  explanation.  In  general, 
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this  set  of  data  indicates  that  at  least  under  the  conditions 
to  which  these  trials  have  been  subjected,  the  ware  becomes 
heavier  on  reduction.  This  does  not  indicate  that  there 
was  the  degree  of  gas  absorption  ordinarily  to  be  expected. 
My  explanation  for  this  is  the  fact  that  the  slow  cooling 
allowed  the  gradual  expulsion  of  gas  as  the  mass  con- 
tracted, while  the  rapid  cooling  made  necessary  by  the 
oxidizing  atmosphere  demanded  caused  the  surface  to 
harden  and  prevent  the  escape  of  the  gases. 

I  have  one  more  table  to  offer,  i.  e.,  A  Table  of  Com- 
parable Tensile  Strengths  under  the  two  Extreme  Condi- 
tions. 

As  you  will  note  on  examination  there  is  a  notably 
greater  strength  displayed  by  the  reduced  trials  than  we 
rind  in  the  oxidized  trials.  The  tendency  to  bloat  is  ap- 
parently to  blame  for  much  of  this  weakness,  and  if  you 
will  compare  this  table  with  the  specific  gravity  table  you 
will  find  that  the  same  trials  that  show  the  highest  specific 
gravity,  with  a  few  exceptions  show,  the  greatest  t'^nsilo 
strength.  In  the  oxidized  trials  M-1  has  the  highest  specific 
gravity  of  any  of  the  trials  carrying  .16  OaO,  and  it  also 
has  the  greatest  tensile  strength  of  any  of  the  No.  1  trials. 
M-2  stands  highest  under  the  same  examination,  as  does 
also  M-3. 

M-4  seems  for  some  reason  to  have  fallen  down,  as  all 
its  tensile  tests  are  uniformly  low.  Later  work  will  possibly 
explain  or  correct  this  irregularity. 

Of  the  reduced  trials  K-1  stands  at  the  head  of  the 
Xo.  1  trials  with  1750  lbs.  strength  and  2.37  specific  grav- 
ity. K-2  has  2.3775  specific  gravity  and  1800  lbs.  tensile 
strength;  L-3  has  2.3836  specific  gravity  with  1925  lbs.; 
K-4  shows  2.4277  specific  gravity  with  2375  lbs. 

In  this  comparison  the  highest  in  tensile  strength  is 
not  invariably  the  highest  in  specific  gravity,  but  the  ten- 
dency seems  to  be  that  way  except  with  the  CaSO^  series. 
On  studying  series  M  we  find  its  greatest  strength  dis- 
played under  the  oxidizing  conditions,  which  is  exactly 
the  reverse  of  what  we  find  in  the  other  three  tables.    Note 
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also  that  the  strength  of  the  M  series  under  reducing 
conditions  increases  as  the  amount  of  CaS04  increases. 
Just  the  reverse  is  the  case  with  every  other  series.  As  you 
can  readily  understand,  it  is  impossible  to  form  any  reli- 
able scale  with  so  few  trials,  and  I  am  only  endeavoring  to 
draw  out  what  is  indicated  by  the  tests  at  hand. 

CONCLUSIONS. 

In  concluding  this  paper  I  desire  to  s^y  that,  in  my 
judgment,  it  brings  out  three  facts,  viz.:  (1)  That  more 
variation  is  to  be  expected  where  any  quantity  of  calcium 
flux  is  added  than  where  a  plain  feldspar  body  is  manufac- 
tured. (2)  That  a  small  addition  of  calcium  flux  may  im- 
prove color  if  properly  handled.  (3)  That  we  do  not  find 
all  the  desirable  qualities  in  any  one  body.    For  example : 

For  whiteness  under  normal  or  average  conditions 
series  L  Avould  be  chosen.  For  mechanical  strength  under 
redu(;ing  conditions  I  believe  the  K  series  has  the  advan- 
tage, while  under  oxidizing  conditions  the  M  series  is  un- 
doubtedly far  ahead. 

The  N  series  is  undoubtedly  to  be  condemned  for  use 
since  it  appears  faulty  under  any  other  than  ideal  condi- 
tions. My  explanation  for  this  tendency  is  that  its  action 
begins  so  early  in  the  burn  that  the  (*lays  and  spar  of  the 
body  have  not  shrunk  sufficiently  to  form  a  close  body  and 
thus  it  invites  an  excessive  absorption  of  gas,  which  later 
may  be  expelled  by  careful  cooling,  but  which  nevertheless 
has  done  its  work  of  discoloration. 

Another  lesson  of  this  paper,  if  its  data  has  any  value, 
lies  in  the  fact  that  by  its  guide  we  would  conclude  that 
with  a  calcium  flux  not  carrying  over  .1%  of  FcgOg  we 
may  go  as  high  as  .08  CaO  or  even  .12  CaO  introduced  as 
either  whiting  or  pulverized  marble  without  experiencing 
any  trouble  from  color  if  the  biscuit  kiln  is  finished  and 
cooled  under  any  other  than  strongly  ^oxidizing  conditions. 
However,  if  CaS04  is  used,  the  ware,  under  above  condi- 
tions, may  be  expected  to  be  weak  mechanically,  and  to 
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counteract  this  tendency  an  oxidizing  atmosphere  must  be 
resorted  to  even  at  the  sacrifice  of  color. 

So  it  appears  that  each  body  requires  Its  own  especial 
treatment,  depending  on  its  composition  and  inherent  ten- 
dencies and  only  by  knowledge  of,  and  consideration  for, 
these  tendencies  may  we  hope  for  success. 

DISCUSSION. 

Mr.  Stover :  I  did  not  expect  to  occupy  first  position 
in  discussion  of  this  paper,  but  T  want  to  give  my  personal 
thanks  to  Mr.  Watts,  and  to  express  to  him  my  apprecation 
of  the  fact  of  his  coming  round  to  the  practical  man's  way 
of  thinking,  as  indicated  by  his  putting  in  the  percentage 
weights.  We  have  been  having  discussion  of  this  question 
for  several  years;  but  when  Mr.  Watts  comes  around  and 
puts  in  batch  weights,  I  begin  to  think  you  are  coming 
around  to  my  constant  argument  to  put  our  papers  and 
discussion  also  in  an  intelligible  form  for  the  practical 
man. 

Mr.  Binns :  One  thing  has  occurred  to  me  with  regard 
to  Series  "N."  I  want  to  know  whether  Mr.  Watts  took 
any  account  of  fluorine?  I  am  disposed  to  think  the  blis- 
tering is  due  to  fluorine. 

Mr.  Watts :  Fluorine  is  of  course  considered  in  intro- 
ducing fluorspar.  How  could  you  use  fluorspar  without 
getting  fluorine? 

Mr.  Binns :  You  could  not,  but  whv  do  vou  take  no 
account  of  it  in  the  development  of  this  blister? 

Mr.  Watts :  I  don't  know  that  T  mentioned  that  fluor- 
spar might  have  caused  the  blister,  but  the  fluorspar  series 
was  condemned  as  a  whole  because  only  under  ideal  condi- 
tions did  it  result  in  good  porcelain.  If  It  was  heated  up 
and  cooled  very  slowly  there  was  but  little  blistering. 
There  was  some  blistering  under  absolutely  normal  condi- 
tions in  the  series  having  .16  of  fluorspar.  With  a  small 
amount  of  fluorspar  we  got  a  fine  white  body  without  evi- 
dence of  blistering.    I  am  disposed  to  think  the  bloating 
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was  the  effect  of  the  calcium  or  calcium  compounds,  largely 
depending  on  the  form  used.  I  think  that  we  cannot  con- 
sider the  action  of  calcium  alone  without  considering  the 
sources  from  which  it  is  derived.  In  my  opinion  that  is  a 
highly  important  point. 

Mr.  Punly :  All  the  results  give  curves  which  are  very 
significant  in  the  facts  they  show.  I  am  an  advocate  of 
that  method  of  experimenting.  With  no  calcium  carbonate 
he  had  the  maximum  density;  that  is,  maximum  density 
of  that  portion  of  tlie  piece  which  was  impervious  to  water. 
He  saturated  his  saucer  with  water,  so  that  data  here  gives 
the  density  of  the  solid  portion.  With  the  increase  of  lime 
we  get  decrease  in  specific  gravitj^;  in  other  words,  decrease 
in  density.  This  decrease  in  density  is  due  in  part  to  bleb 
structiu'e.  We  call  it  vesicular  structure, — it  is  a  porous 
system  into  which  water  cannot  get. 

The  most  remarkable  fact  shown  here  is,  that  under 
oxidizing  conditions  he  gets  the  largest  development  of 
vesicular  structure  and  under  reducing  conditions  the  least 
development  of  vesicular  structure.  Why  should  the  gases 
that  are  evolved  wish  to  leave  the  body  more  vigorously 
and  evidently  under  higher  pressure  under  oxidizing  than 
under  reducing  conditions?  Of  course,  there  are  possible 
explanations  of  that,  but  to  that  fact  and  the  explanation 
that  might  be  given,  I  desire  to  draw  attention  in  this  case. 
I  think  Mr.  Watts  has  shown  some  important  and  interest- 
ing lessons  which  can  be  brought  out  by  the  specific  gravity 
curve,  and  the  influence  of  acids,  and  of  oxidizing  and  re- 
ducing conditions,  is  nicely  shown  on  the  charts;  and  I 
hope  to  have  an  opportunity  to  discuss  it  further  before 
publication. 

Mr.  liinns:  I  would  like  to  ask  Professor  Purdy 
whether  he  gives  it  as  his  opinion  that  the  Increased  vesicu- 
lar structure  of  the  two  mixes  which  contain  calcium  car- 
bonate is  due  to  COo,  and  how  he  proves  it.  As  I  under- 
stand it,  CO2  leaves  the  body  immediately  after  dehydra- 
tion. 

Mr.  Pnrdjj :     I  put  a  question  similar  to  that  in  regard 
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to  free  water  which  a  mineralogist  wanted  me  to  beliew 
was  in  igneous  rocks.  Pure  quartz  crystal  slides  when 
tilted  show  particles  of  water  much  like  the  spirit  in  a 
level.  Under  the  heat  at  which  that  rock  was  in  a  molten 
condition^  there  ought  to  have  been  no  water,  but  there  it  is. 

Mr.  Binns :  The  point  of  analogy  is  not  complete.  It 
is  familiar  to  all  of  us  that  COg  can  be  enclosed  in  a  glaze 
structure,  because  being  locked  in  the  fluid,  it  has  no 
chance  to  escape ;  but  where  the  body  is  brought  up  from  a 
porous  condition,  I  think  the  condition  is  very  different.  1 
do  not  think  the  CO2  from  the  calcium  carbonate  could 
remain. 

Mr,  Purdy :  When  fusion  has  progressed  so  far  that 
the  clay  has  reached  that  stage  known  as  vitrification,  the 
clay  is  in  a  condition  similar  to  that  of  taffy  at  summer 
heat.  Any  gases  which  are  being  set  free  at  this  time  will 
be  prevented  from  escaping  simply  because  the  avenues  of 
escape  have  been  closed.  Now  how  early  in  the  burning 
is  this  condition  reached?  .  In  the  work  presented  to  you 
bv  Moore  and  juvself  last  vear  we  showed  that  in  No.  1  fire 
clays  this  was  undoubtedly  reached  at  cone  1  to  3  and  in 
the  more  fusible  clays  much  earlier.  Absolute  closing  up 
of  the  pore  is  not  necessary  before  such  a  conditions  of 
affairs  can  exist.  It  is  only  necessary  that  a  small  portion 
of  the  mineral  ingredient  should  have  attained  this  taffy- 
like condition. 

Now  in  a  vitrifvino;  bodv  we  undoubtedlv  have  a  con- 
dition  of  affairs  that  is  favorable  to  the  development  of 
pressure  within  the  Avare.  Under  pressure,  dissociation 
proceeds  less  rapidly  and  resistance  to  dissociation  in- 
creases with  increase  of  pressure.  If  sufllcient  pressure  is 
maintained  you  can  heat  calcium  carbonate  a  high  as  you 
can  and  still  have  no  dissociation.  In  fact,  temperature  is 
only  one  of  the  factors  that  effect  dissociations.  Pressure 
can  completely  annul  the  effect  of  temperature.  This  is 
not  theory  but  fact  fully  demonstrated  and  understood  by 
physicists. 

If  there  is  any  pressure  within  a  vitrifying  piece  of 
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clay,  it  is  more  likely  caused  by  expanding  gases  that  can 
not  freely  escape.  "Blowing  up"  clay  wares  during  drying 
is  sufficient  evidence  of  pressure  that  can  be  caused  by 
expanding  gases.  From  the  beginning  of  the  drying  to  the 
time  the  clay  has  been  given  its  "finishing  heat"  gases  of 
one  kind  or  another  are  escaping. 

There  are  several  things  which  are  volatilized  from 
clay,  principally,  water,  acids  which  are  being  displaced  by 
silica,  and  the  alkalies.  Under  the  combined  influence  of 
pressure  and  temperature  the  dissociation  and  expulsion 
of  these  evolved  gases  may  extend  over  the  entire  heat 
range  used  in  ceramic  burning. 

Mr.  Binns:  One  more  point:  The  temperature  of 
cone  06  is  1030  degrees  C.  Do  you  know  the  temperature 
at  which  COg  is  expelled  from  calcium  carbonate? 

Mr.  Purdy :  Yes,  sir.  Dissociation  of  calcium  carbo- 
nate at  atmospheric  pressure  can  take  place  at  temperature 
as  low  as  900  d^rees. 

Mr.  Binn8 :  Then  by  the  .time  cone  06  is  reached  all 
the  CO2  has  been  expelled. 

Mr.  Par  melee:  1  understand  the  specific  gravity  was 
determined  by  immersion  and  loss  of  weight  on  suspen- 
sion, on  the  whole  piece.  May  I  suggest  that  Mr.  Watts 
should  include  in  his  paper  the  specific  gravity  of  the 
powder  of  a  crushed  piece?  The  surface  of  a  piece  of  ware* 
of  that  kind  may  be  of  a  different  character  from  the  in- 
terior.   We  can  settle  the  real  specific  gravity  in  that  way. 

Mr.  Wafts:  I  did  not  take  the  whole  plate.  I  took 
pieces  and  determined  the  moisture  on  small  pieces  broken 
up,  and  which  had  been  boiled  about  24  hours — kept  at 
almost  the  boiling  temperature  in  water.  These  were  used 
for  specific  gravity  determination. 

Mr.  Htorcr:  When  you  calkd  for  the  opinions  of  the 
practical  men,  I  was  impressed  with  the  silence  which  fell 
at  that  time.  This  society  has  stood  for  such  high  science 
that  it  has  not  drawn  the  practical  men  to  the  meetings. 
I  will  say  to  the  young  men  attending  if  you  want  to  have 
the  pra(*tical  men  attend,  you  must  express  your  papers 
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not  only  in  chemical  formute,  but  like  Mr.  Watts  has  done 
in  this  case,  so  the  practical  men  can  read  the  papers,  make 
experimnets  and  come  to  the  meetings  with  papers  of  vital 
importance.  It  will  add  to  the  value  of  our  work  to  the 
industries  if  we  have  every  paper  accompanied  by  batch 
weights,  so  the  practical  men  can  prove  up  on  them.  If 
the  man  who  is  preparing  the  paper  does  not  want  to  put 
them  down,  we  ought  to  have  some  one  appointed  to  figure 
them  out  for  publication.  By  this  means,  I  believe  in  five 
or  ten  years  the  value  of  our  society  would  be  beyond  our 
expectations,  if  the  papers  were  put  in  that  shape. 

Mr.  Purely :    ( Written  since  the  meeting) 

In  this  paper  by  Arthur  S.  Watts,  data  are  presented 
which  indicate  that  porcelains  vary  in  strength  with  varia- 
tion in  apparent  density.  Since  apparent  density  of  burned 
ceramic  ware  is  the  density  of  the  skeleton  of  the  ware,  it 
is  obvious  that  the  sealed  cavities  into  which  water  cannot 
be  made  to  enter  affect  very  materiallj^  the  apparent  den- 
sity. I  made  an  investigation  to  determine  what  percent- 
age part  by  volume  of  the  skeleton  of  the  several  porcelains 
studied  by  Watts  was  sealed  cavities  or  void  spaces,  and  to 
analvze  the  data  in  order  to  determine  whether  a  direct 
influence  of  the  sealed  cavities  and  molecular  volume 
changes  on  strength  of  porcelain  can  be  observed. 

Volume  Changes  Due  to  Fusion : 

In  burning  ceramic  ware  there  are  changes  in  volume 
other  than  that  of  the  ware  as  a  whole:  Ordinarily  we 
think  of  fire  shrinkage  of  the  outside  dimensions  as  being 
the  largest  and  most  important  volume  changes  that  occur. 
In  many  cases  this  may  be  so,  but  in  others  it  is  not.  In 
extreme  cases  there  is  such  a  decided  bloating  that  the 
increase  in  volume  of  the  sealed  pores  is  obviously  quite 
considerable  and  often  so  extensive  as  to  cause  an  increase 
in  exterior  dimensions  of  the  ware.  There  are  also  in- 
creases and  decreases  in  molecular  volume  of  the  mineral 
constituents  of  the  clay,  which  according  to  Roth  may  in 
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extreme  cases  amount  to  fifteen  percent.  If  minerals 
retain  this  phenomena  of  changing  in  molecular  volume 
when  either  mutually  disolving  one  another  or  combining 
to  form  new  compounds,  as  we  know  they  do  when  fused 
together,  then  this  must  be  considered  as  a  very  important 
volume  change.  Since  neither  the  alteration  in  volume  of 
the  sealed  pores  or  alteration  in  volume  of  the  solid  mater- 
ials have  any  consideration  in  "fire  shrinkage"  data,  it  is 
plain  that  they  should  be  investigated.  It  is  not  improbable 
that  it  will  be  found  in  future  work  that  it  is  of  more 
importance  to  make  these  internal  volume  measurements 
than  the  external  volume  measurements.  Thoughtful  con- 
sideration of  what  part  of  the  mass  gives  shape,  strength, 
and  the  other  physical  properties  to  wares  leads  one  to 
believe  that  much  will  be  learned  from  such  studies. 

THE  SKELETON. 

Density  of  Skeleton : 

In  a  normally  burned  porcelain  ware  there  are  three 
distinct  and  measureable  internal  volumes  which,  com- 
bined, make  up  the  external  volume.  These  are  (a)  volume 
of  the  open  pores,  (b)  volume  of  the  sealed  pores,  (c)  vol- 
um  of  the  solid  material.  The  skeleton  of  the  ware  is 
made  up  of  the  solid  material  and  sealed  pores.  The  skele- 
ton is  the  portion  of  a  saturated  piece  not  occupied  by 
water.  Evidently,  when  the  weight  per  unit  volume 
(specific  gravity)  of  this  skeleton  is  made,  we  simply  have 
the  weight  of  material  which  actually  occupies  the  unit 
volume.  We  do  not  hlave  the  weight  of  material  which  can 
occupy  the  unitv  olume,  because  under  ordinary  conditions 
the  skeleton  as  it  stands  embraces  inclosed  or  sealed  void 
spaces.  The  specific  gravity  of  the  skeleton  thus  obtained 
is  therefore  only  apparently  that  of  the  solid  material, 
hence  the  expression  "apparent  specific  gravity." 

The  density  of  solid  material  in  the  skeleton  cannot 
be  determined  until  the  sealed  pores  have  been  eliminated. 
It  is  plain  that  this  can  only  be  done  by  crushing  the  ware 
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to  a  powder  and  then  determining   the  density  of  the 
powder. 

Structure  of  the  Skeleton: 

The  difference  between  the  density  of  the  powdered 
skeleton  and  its  apparent  density  gives  the  weight  of  solid 
material  that  would  be  required  to  fill  the  sealed  cavities. 
Consider  two  rubber  balls  having  the  same  external  dimen- 
sions, one  being  solid  and  the  other  hollow.  The  difference 
in  the  weights  of  these  balls  is  the  weight  of  rubber  that 
would  be  required  to  make  the  hollow  ball  solid.  This 
difference  in  weights  in  case  of  the  rubber  balls  is  analog- 
ous to  the  difference  between  the  true  density  of  the  solid 
material  and  the  apparent  density  of  the  skeleton. 

Volume  Chavf/cs  within  the  Skeleton: 

Since  with  increasing  heat  treatment  and  without  loss 
in  weight,  most  ceramic  mixtures  show  a  decrease  In  ap- 
parent density,  it  is  safe  to  aflSrm  that  either  (a)  the 
mineral  constituents  comprising  solid  portions  of  the  skel- 
eton are  undergoing  an  increase  in  molecular  volume  with- 
out an  accompanying  increase  in  volume  of  the  void  spaces, 
or  (b)  the  void  spaces  within  the  skeleton  alone  are  in- 
creasing in  volume,  or  (c)  that  both  of  these  volumes 
changes  are  taking  place  simultaneously.  Recent  writers 
credit  most  of  the  increase  in  volume  of  the  skeleton  to 
molecular  alterations  within  the  solid  material.  The  writer 
has  contended  (but  without  sufficient  data  to  support  his 
contentions)  that  the  larger  part  of  the  observed  increase 
in  volume  of  the  skeleton  was  due  to  increase  in  volume 
of  the  inclosed  void  spaces.  The  writer's  contentions  in 
this  matter  are  supported  by  results  of  a  few  determina- 
tions, in  few  of  which  there  w^as  not  a  very  marked  differ- 
ence between  the  true  densities  of  the  powdered  raw  clay 
and  powdered  burned  ware,  and  in  others  of  which  the 
dnsity  of  the  burned  powder  actually  exceeded  that  of  the 
clay.  Microscopic  examination  of  slides  cut  from  clay 
ware  burned  with  sucecssively  increasing  heat  treatment 
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have  invariably  shown  a  gradual  increaise  in  size  of  the 
sealed  pores.  The  writer  believes  that  because  crystalline 
materials  decrease  in  density  (hence  increase  in  volume) 
when  calcined  separately,  it  need  not  follo>v  that  the  same 
minerals  when  fused  together  will  show  similar  decrease  in 
density.  Our  literature,  however,  does  not  contain  data 
which  would  allow  of  positive  claims  for  either  contention. 


METHODS  OF  DETERMINING  VOLUMES. 

Exterior  Volume  of  Ware: 

The  direct  measurement  of  the  exterior  volume  of 
wares  in  a  volumeter  is  now  commonly  understood.  The 
indirect  measurement  which  involves  the  "Principle  of 
Archimides"  that  materials  suspended  in- water  appear  to 
lose  in  weight  the  weight  of  an  equal  volume  of  water,  is 
less  understood.  This  latter  method  was  used  in  the  ex- 
periments here  reported. 

The  difference  between  the  dry  weight  of  clay  ware 
and  weight  when  suspended  in  water  is,  by  this  principle, 
equivalent  (in  metric  system)  to  the  volume  of  the  skele- 
ton. That  this  is  true  is  made  plain  when  it  is  recalled 
that  the  dry  Aveight  of  a  piece  is  really  the  weight  of  the 
skeleton  and  that  when  saturated,  the  saturating  water 
serves  to  buoy  up  and  decrease  its  apparent  weight  just  as 
much  as  will  water  out  beyond  its  exterior  surfaces. 

The  difference  between  the  weight  of  the  piece  when 
saturated  and  the  apparent  weight  when  suspended  in 
water  is  equivalent  (in  metric  system)  to  the  exterior  vol- 
ume of  the  piece.  That  this  is  so  can  be  demonstrated  alge- 
braically as  follows:  If  W  is  the  wet  weight;  D,  the  dry 
M  eight  and  S  the  suspended  weight,  then  W-D  is  the  weight 
of  water  i*equired  to  fill  the  open  pores  which,  in  the  metric 
system,  is  equivalent  to  the  volume  of  the  pores.  In  the 
preceding  paragraph  it  was  demonstrated  that  D-S  is 
equivalent  to  the  volume  of  the  skeleton.     The  total  or 
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exterior  volume  is  equal  to  the  volume  of  pores  plus  volume 
of  skeleton  or 

(W— D)  +  (D— S)  which  is  equal  to 
W— S       Q.  E.  D. 

Scaled  Pores : 

In  previous  paragraphs  it  was  explained  that  the 
weight  of  solid  material  which  would  be  required  to  fill  the 
sealed  void  spaces,  is  equal  to  the  difference  between  the 
true  and  apparent  w^eights  per  unit  volume  of  the  solid 
material  in  the  skeleton.  When  this  weight  is  compared 
with  the  weight  of  a  unit  volume  of  the  solid,  we  are  dealing 
with  weights  of  the  same  substances,  hence  these  weights 
are  in  the  same  proportion  as  the  corresponding  volumes 
of  solid  material.    Then  if  T  is  the  true  density  and  A  the 

apparent  density  of  the  skeleton  (      t     )  ^^^  would  give 

the  percentage  part  of  volume  of  the  skeleton,  which  is 

"    .p      )(D — S)  would  be 

the  actual  volume  of  the  sealed  cavities  in  a  given  piece. 

DATA  AND  CALCULATIONS. 

Specific  Gravity: 

In  the  following  table  are  the  data  representing  the 
apparent  and  true  densities  of  the  Watts  porcelains : 


288 


CALCIUM    AS    A    FLUX    IN    PORCELAIN    MANUFACTURE. 


TABLE  I. 
Apparent  and   True  Densities. 


Apparent  Spedlic  Gravity 


True  Specific  Gravity 


Oxidi7.ed     Nomuil     Reduced     Oxidized     Normal  <  Reduced 


K  I    3.83%  Whiting 
K  3     1-92%  Whiting 


1-94 

2.2/ 


-  I 


L  I     3.60%  Marble    !  i  .93 

L  3     1.80%  Marble    I  2.20 

Mi  6.58%  Plaster  of  Paris...]  2.16 

M3  3.30%  Plaster  of  Paris...!  2.35 


N  I     3.00%  Fluorspar 
N  3     1.50%  Fluorspar 


1. 59 
T.74 


2.27 
2.36 

2.12 
2.23 

2.24 
2.32 

2.03 
2.10 


] 


2.37 
2.40 

2.33 
2.38 

2.36 
2.41 

2.03 
2.08 


O        No  lime  flux  ]  2.41  |  2.40  j  2.44 

i  I 


2.30 
2.29 

2.46 
2.47 

2.48 
2.60 

2.50 
2.64 

2.63 


2.44 

•  •  •  ■ 

2.38 
2.47 

2.50 
2.62 

2.64 

«  ■  •  • 

2.66 


2.50 
2.47 

2.38 
2.45 

2.46 
2.64 

2.55 
2.58 

2.66 


The  apparent  densities  were  determined  by  Watts  and 

calculated  on  the  formula/ ——V  which  gives  the  weight 

per  unit  volume  for  the  skeleton. 

The  true  densities  were  determined  by  the  writer.  The 
test  pieces  were  crushed  in  an  iron  mortar  to  pass  a  sixty 
mesh  screcm  and  the  iron  splinters  removed  by  a  magnet. 
Forty  grams  of  the  powder  were  carefully  weighed  out  and 
placed  into  a  graduated  200  cc,  flask.  Water  then  was  run 
from  a  graduated  burette  into  the  flask  and  the  volume 
occupied  by  the  forty  grams  of  powder  determined  by  the 
dilTerence  between  200  cc.  and  the  cubic  centimeters  re- 
quired to  All  the  flask  to  the  200  cc.  mark.  40  divided  by 
the  volume  so  obtained  was  taken  as  the  true  specific 
gravity  of  the  solid  material  in  the  porcelains. 

Percentage  Void  Space: 

In  the  following  table  is  given  the  percentage  of  the 
volume  of  skeleton  which  consists  of  void.     These  data 

T  -  A 
.     T 
is  the  tru(i  density  and  A  the  apparent  density. 


were  calculated  on  the  formula 


100  in  Avhich  T 
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K  I 

K3 
L  I 

L3 
M  I 

M  3 

N  I 

N3 
O   . 


TABLE  II. 
Percent.  Void  Space  in  Skeleton. 


Tensile  Strength 


Oxidized  Normal 


Reduced 


Ozidized 


Normal  Reduced 


^5-^§ 

6.97 

5.2 

1225 

1750 

0.88 

2.83 

1475 

1475 
1075 

21.5 

10.9 

2.10 

IIOO 

10.8 

9.74 

2.85 

1450 

1925 

12.9 

10.40 

4.80 
8.70 

1837 

1575 

9.6 

11.00 

2050 

1375 

36.4 

23.10 

20.4 

825 

925 

34.0 

19.3 

1300 

1600 

8.4 

9.8 

8.3 

1950 

2162 

2150 

2100 
1800 
1650 
I9OC 
1650 

975 
1325 
2125 


RESULTS. 

Siiu'c  sample  marked  O  is  the  base  mix  eontainng  no 
lime  flux,  its  data  may  be  used  as  a  standard  by  which  the 
meaning  of  the  others  may  be  interpreted. 
Molecular  Volume : 

(1)  It  will  be  noticed  that  although  all  the  lime 
fluxes  here  added  liave  greater  density  than  have  the  ma- 
terials in  the  base  niix,  the  true  density  of  the  burned  pow- 
der is  lower  than  that  of  the  base, 

(2)  That  the  larger  the  amount  of  flux  in  each  case, 
the  greater  is  this  decrease  in  density. 

(3)  That  the  true  density  of  the  unfluxed  base  is 
not  less  than  that  of  the  unburned  ingredient  from  which 
it  was  made. 

(4)  Assuming  that  the  true  density  of  the  burned 
base  mix  differs  but  little,  if  any,  from  that  of  raw  mix,  the 
percentage  increaes  in  volume  due  to  molecular  alterations 
were  calculated.  The  data  obtained  from  these  calcula- 
tions are  shown  in  Table  III. 


290 


CALCIUM    AS   A    FLUX    IN    PORCELAIN    MANUFACTURE. 


TABLE  III. 

Probable  Percent:    Increase  in  Volume  of  Solid  Material  Due  to  Mole- 
cular /llterations. 


K  I    

K3    

L  I    

L3    

M  I    , 

M  3    

N  I    

N  3    

O    


Oxidized 


i 


12.5 

12.9 

6.5 
6.1 

5.7 
1. 14 

4. 95 
none 
none 


Normal 

Reduced 

8.3 

6.00 

•     ■      •      • 

7.15 

10.5 

10.38 

7.15 

7.90 

6.0O 

7.50 

1.50 

0.75 

0.75 

4.13 

•  •  •  • 

3.00 

none 

none 

The  data  representing  the  percentage  increase  in  vol- 
ume cannot  be  compared  with  those  for  percentage  volume 
of  sealed  voids,  for  the  former  represents  the  increase  in 
volume  over  that  which  the  material  had  when  not  burned 
and  the  latter  the  fractional  part  of  the  volume  as  it  is  in 
the  burned  ware. 

The  percentages  of  increase  in  volume  shown  iii  Table 
III  are  much  larger  than  the  writer  had  expected  to  find. 
If  the  powder  had  been  reduced  so  as  to  pass  a  100-mesh 
screen  these  percentages  would  no  doubt  be  materially  re- 
duced. Further  discussion  of  these  results  would  not  be 
worth  while  or  hardly  possible  other  than  to  note  that  tliey 
indicate  that  considerable  of  value  may  be  had  from  similar 
data,  if  obtained  under  conditions  that  leave  no  doubt  as 
to  their  accuracv. 

Development  of  i<ea1ed  Voids: 

The  true  significance  of  the  data  for  percentages  of 
sealed  voids  is  appreciated  only  when  it  is  considered  that 
these  porcelains  have  practically  no  open  pores.  The 
highest  absorption  reported  by  Watts  was  in  ccse  of  N-1 
(oxidize*]),  which  amounted  to  0.42%.  This  beinc;  the 
case,  the  porcelains  are  practically  100%  skeleton,  and  the 


CALCIUM    AS   A    FLUX    IN    PORCELAIN    MANLTACTURE.  291 

percentages  given  in  Table  II  are  the  percentages  of  the 
whole  or  exterior  volume  taken  up  by  the  sealed  void 
spaces. 

From  microscopic  studies  it  has  repeatedly  been  de- 
termined that  the  sealed  pores  increase  in  individual  vol- 
ume and  in  numbers  as  fusion  progresses  through  that  in- 
definite and  ill-named  period  known  as  vitrification.  The 
causes  for  sealed  cavities  are  various,  but  whatever  the 
causes  may  be  it  has  been  made  evident  by  other  data,  and 
strongly  emphasized  by  those  data  which  are  shown  in 
Table  II,  that  the  increase  in  percentage  volume  of  the 
sealed  pores  is  as  significant  in  effect  on  the  resultant  pro- 
duct as  the  decrease  in  percentage  volume  in  open  pores. 

It  is  extremely  doubtful  if  any  of  the  porcelains  tested 
by  Watts  had  20  to  30  per  cent,  by  volume  of  sealed  pores. 
Such  a  highly  porous  mass  would  not  be  suspe(*ted  from 
their  appearance.  It  must  be  that  the  pieces  were  not  com- 
pletely saturated  before  their  suspended  weights  were  de- 
termined. That  this  is  very  probable  is  shown  by  the  fact 
that  Watts  obtained  no  evidence  of  absorption  on  forty- 
eight  hours  soaking.  The  writer's  experience  is  that  no 
ware  not  carried  beyond  normal  vitrification  is  without 
open  pores.  It  is  also  his  experience  that  vitrified  ware 
which  shows  no  appreciable  absorption  in  forty-eight  hours 
ordinary  soaking  will  show  as  high  as  2%  or  more  porosity 
when  saturated  in  a  vacuum.  Owing  to  the  apparent  dis- 
crepancy in  the  apparent  specific  gravity,  no  further  dis- 
cussion of  these  results  other  than  that  the  strength  of  the 
porcelai)is  shows  deterioration  with  increase  in  volume  of 
sealed  voids  would  be  warranted. 

CONCLUSIONS. 

The  folloAving  have  been  made  evident: 
(1)     That  porcelains,  and  the  same  is  true  of  other 
vitrified  wares,  are  not  the  solid  masses  that  we  have  been 
led  to  believe  they  were  by  the  customary  absorption,  por- 
osity and  shrinkage  measurements. 
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(2)  That  in  some  cases  there  is  unquestioned  mole- 
cular volume  alteration. 

(3)  That  whether  the  sealed  voids  are  the  original 
open  pores  sealed  off  or  new  pores  developed  by  formation 
and  expansion  of  inclosed  gases  has  not  been  made  plain 
in  these  studies.  Whatever  mav  be  the  causes  for  the  in- 
crease  in  volume  of  the  solid  material  and  the  sealed  pores 
it  remains  that  these  increases  are  considerable. 

(4)  That  the  strength  of  the  porcelains  so  far  as 
can  be  judged  by  these  unsatisfactory  data  seem  to  be 
dependent  upon  the  amount  of  sealed  pores. 

(5)  That  the  data  does  not  w^arrant  making  any 
statements  regarding  the  effect  of  molecular  increase  in 
volume  of  the  solid  portion  on  strength  of  porcelain. 


THE  INFLUENCE  OF  FLUXES  AND  NON-FLUXES  UPON 

THE  CHANGE  IN  THE  POROSITY  AND  THE 

SPECIFIC  GRAVITY  OF  SOME  CLAYS. 

BY 

A.  V.  Bleixingee  and  J.  K.  Moore^  Champaign,  111. 

Vitrification  may  be  said  to  be  partial  fusion.  When 
speaking  of  clays  the  progress  of  vitrification  is  equivalent 
to  progressive,  partial  fusion  of  the  various  mineral  con- 
stituents, governed  by  the  mineral  constitution  of  the  body 
as  a  whole,  the  size  of  grain  and  the  structure  of  the  ware 
for  which  the  clay  is  employed.  Complete  vitrification 
ensues  when  enough  clay  has  been  used  to  fill  up  the  pores 
originally  present.  From  the  practical  standpoint  this  is 
indicated  by  the  fact  that  but  little  water  is  absorbed  by 
the  clay  on  immersion.  Without  going  fully  into  the  de- 
tails of  the  process  it  may  be  said  that  the  phenomena  of 
fusion  accompany  the  vitrification  of  clays. 

Fusion  considered  from  the  general  standpoint  of  sili- 
cates is  sharply  defined  only  for  some  definite  minerals; 
even  in  many  silicates  it  is  a  more  or  less  gradual  transi- 
tion from  the  solid  to  the  semi-liquid  or  liquid  condition, 
and  therefore,  in  a  heterogeneous  rock,  like  clay,  even 
though  all  of  its  constituents  were  reduced  to  uniform, 
extreme  fineness,  fusion  must,  in  the  nature  of  the  case, 
cover  a  considerable  temperature  interval. 

From  the  practical  standpoint,  therefore,  vitrification 
may  be  followed  by  determining  the  porosities  at  different 
temperatures,  just  as  Prof.  Purdy  has  done  in  his  valuable 
contribution  in  Vol.  IX  of  the  Transactions  of  this  Societv. 

In  addition,  two  phenomena  of  fusion  demand  our  at- 
tention. These  are  closely  related  and  are:  Change  in 
molecular  volume  and  transference  of  heat.  In. nearly  all 
silicates  the  volume  is  increas  d  on  fusion  or,  in  other 
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words,  the  density  is  de(Teased.  This  increase  in  volume 
is  intimately  connected  with  the  fact  thai  the  amorphous 
or  fused  condition  represents  a  greater  energy  potential 
than  the  crystalline  state.  We  find,  as  a  rule,  tliat  the 
amorphous  modification  of  a  substance  is  more  soluble  and 
capable  of  stronger  reaction  than  the  anisotropic  form. 
That  fusion  results  in  an  increased  volume  has  been  deter- 
mined frequently,  and  in  a  few  cases  it  was  even  possible 
to  establish  this  fact  for  minerals  in  the  fused,  liquid  con- 
dition. Thus  Doelter  found  the  specific  gravity  of  crys- 
talline augite  to  be  3.3,  that  of  the  hot,  liquid  mass  2.92, 
and  of  the  solidified  glass,  2.92.  The  so-called  coefficient  of 
crystallization,  in  fact,  is  determined  by  the  specific  gravity 
of  an  intermediate  stage  compared  with  the  specific  gravity 
of  the  crystal.  If  dx=specific  gravity  at  any  stage  and 
dc=specific  gravity  of  the  crystal,  dx-=-dc=coefflcient  of 
crystallization.  E.  V.  Fedorow  has  shown  that  this  agrees 
with  the  facts. 

With  reference  to  the  heat  of  fusion  we  can  sav  that 
this  is  of  constant  magnitude,  and  is  equal  to  about  100 
gram  calories  per  gram.  Fusion  is  always  accompanie^l 
by  absorption  of  heat.  This  is  a  necessary  conclusion,  for 
in  fusion,  work  is  always  done  against  the  external  pres 
sure  and  the  cohesion  of  the  particles,  both  of  which  tend 
to  oppose  the  incre^ise  in  volume.  That  the  non-crystalline 
ccmdition  corresponds  to  a  higher  level  of  energy  may  l>e 
indirectly  shown  by  experiments  such  as  the  determination 
of  the  heat  of  solution.  Thus  1  «:ram  of  crystalline  sodium 
silicate  evolves  457  calories,  while  the  same  amorphous 
substance  gives  off  486  calories.  Similarly,  crystalline 
leucite  shows  507,  the  amorphous  substance  533  calories. 

From  what  has  been  said  it  follows  that  crystallization 
shows  the  opposite  characteristics.  On  crystallization  the 
volume  decreas(*s  and  heat  is  given  oflf,  thus  retarding  the 
cooling  of  the  mass. 

The  fact  that  clay  bodies  decrease  in  density  on  vitrifi- 
cation had  been  realized  quite  early  by  Laurent,  Brong- 
niart  and  Rose,  and  during  the  last  decade  has  been  used 
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in  very  exact  work  by  Day  and  Shepherd,  Mellor  and  oth- 
ers. The  rate  of  change  in  specific  gravity  and  porosity 
has  been  employed  in  the  plotting  of  density  and  porosity 
curves  by  Berdel  in  his  excellent  and  extensive  work  on 
white  ware  bodies  and,  later,  by  Purdy  in  his  work  already 
cited.  Purdy  emphasizes  the  rate  of  change  in  porosity 
and  makes  use  of  the  specific  gravitj^  only  for  the  purpose 
of  determining  the  porosity  which  he  considers  as  the  cri- 
terion for  judging  the  progress  of  vitrification.  He  calcu- 
lates the  porosity,  expressed  in  per  cent,  from  clay  brick- 
ettes  burnt  at  different  temperatures  and  uses  the  formula : 


^'  ^=(^a)  IW. 


where  %  P=per  cent  porosity. 
W=wet  weight  of  brickette. 
I>=dry  i;\'eight. 
S=suspended  weight. 

The  wet  weight  corresponds  to  the  weight  of  the 
brickette  after  immersion  in  water,  in  vacuo. 

By  plotting  the  porosities  of  a  clay  at  different  tem- 
peratures he  obtains  a  curve  which  unquestionably  indi- 
cates the  progress  and  rate  of  vitrification.  Prof.  Purdy 
advocates  the  use  of  such  curves  in  clay  testing  for  the 
purpose  of  determining  the  character  of  a  clay,  and  there 
is  no  doubt  but  that  this  offers  a  very  convenient  and 
valuable  method  of  testing  which  deserves  general  applica- 
tion. The  writers  make  continuous  use  of  the  method  in 
carrying  on  clay  tests. 

While  the  porosity  curve  is  of  great  practical  value, 
yet  it  seems  to  the  writers  that  much  information  in  regard 
to  the  mechanism  of  the  changes  occurring  in  clay  during 
burning  is  obtained  from  the  particular  study  of  the 
changes  in  specific  gravity,  that  is,  the  specific  gravity 
curves.  In  using  this  method  we  are  simply  adopting  the 
means  employed  by  many  investigators  in  following  chemi- 
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cal  transformation,  as,  for  instance,  by  Van't  Hoff  in  his 
study  of  plasters,  etc. 

While  in  many  clays  and  clay  bodies  the  porosity  and 
specific  gravity  curves  are  practically  parallel,  yet  it  may- 
happen  that  certain  changes  occur  which  are  indicated  only 
by  the  specific  gravity  curve. 

In  discussing  the  density  of  clays  we  must  clearly  dis- 
tinguish two  values  of  the  density  which  differ  according 
to  the  method  bv  which  the  work  is  carried  out.  If  we  take 
a  brickette,  weigh  it  when  dry,  immerse  it  in  water,  in 
vacuo,  and  again  weigh  it  suspended  in  water,  we  obtain 
by  calculation  from  the  simple  formula: 

Dry  weight  in  air 
Specific  gravity=  -    -  _.      -  _ 

Dry  weight  in  air — suspended  weight, 

the  specific  gravity  of  the  brickette  as  a  whole,  including 
the  effect  of  enclosed  pores  and  other  cavities.  On  the 
other  hand,  by  crushing  and  powdering  the  brickette  and 
using  the  pycnometer,  being  careful  to  exhaust  the  air  from 
the  powdered  material  and  water  in  the  apparatus,  we 
shall  have  the  specific  gravity  of  the  burnt  clay  itself,  the 
effect  of  the  pores  and  cavities  having  been  eliminated. 

In  addition  to  the  change  in  volume  brought  about  by 
fusion  we  have  other  volume  transformations  caused  by 
so-called  inversions,  that  is,  the  character  of  the  molecular 
arrangement  of  many  compounds  suffers  an  alteration. 
The  best  known  instance  of  this  kind  of  transfornmtion  is 
the  change  of  quartz  into  tridymite.  On  tilling  a  crucible 
with  pulverized  quartz  and  heating  it  this  change  is  mani- 
fcssted  quite  strikingly  by  the  bursting  of  the  vessel  due  to 
the  increase  in  volume  incident  to  this  molecular  change. 
This  inversion 

quartz  '^    tridymite 

occurs  at  about  800°C.  Similarly  it  is  found  that  fused 
quartz  which  necessarily  is  in  the  amorphous  condition 
is  transformed  to  tridymite,  which  is  sliown  by  the  dim- 
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ming  of  the  glass.  Since  this  change  is  reversible  it  follows 
that  below  800°  the  tridymite  reverts  to  quartz.  This  latter 
change  is  rather  sluggish  and  requires  considerable  time, 
we  can  say,  therefore,  that  quartz  never  crystallizes  from 
mineral  fusions  excepting  in  the  presence  of  catalyzers. 
Quartz*  then,  is  the  unstable  form  of  silica  from  800°  up- 
ward, and  it  will  change  to  tridymite  whenever  oppor- 
tunity offers.  We  have  thus  a  volume  change  which  on 
heating  a  clay  is  shown  by  the  decrease  in  density.  Puri- 
fied natural  quartz  has  a  specific  gravity  of  2.654  (25°), 
while  tridymite  prepared  from  quartz  has  a  density  of 
2.326;  when  prepared  from  fused  quartz  its  density  is 
2.318.  The  density  of  quartz  glass  was  found  to  be  2.213. 
On  cooling  a  clay  any  change  from  tridymite  to  quartz 
stands  for  an  increase  in  densitv,  as  must  be  evident  from 
the  above  figures. 

Similar  inven'sions  are  known  for  meta  and  ortho  cal- 
cium silicate.  Thus  we  have  the  pseudo-hexagonal  meta- 
silicate  and  woUastonite  and  three  forms  of  the  ortho 
calcium  silicate.  These  are  the  alpha,  beta  and  gamma 
modifications  whose  densities  arci  3.27,  4.28,  and  2.97,  re- 
spectively. There  ar€f  doubtless  other  inversions  which  are 
not  vet  known  to  us. 

Still  another  source  of  volume  changes  is  to  be  sought 
in  chemical  reactions  taking  place  in  clay,  such  as  the 
exothermic  reaction  taking  place  in  clay  substance  at  about 
1000°,  in  which  evidently  an  isomeric  compound  differing 
from  the  previous  composition  in  structure  is  formed. 
Other  examples  are  the  chaneg  of  calcium  carbonate  to  the 
oxide,  the  interaction  of  lime  and  iron  oxide,  the  formation 
of  certain  lime  silicates  above  1200°,  the  formation  of 
spinels,  magnetic  oxide,  etc.  There  must  be  many  chemical 
reactions  which  at  present  are  entirely  unknown  to  us. 

In  studying  the  changes  in  the  two  specific  gravities, 
then,  we  might  be  able  to  summarize  the  causes  of  the 
volume  changes  as  follows : 


♦Day  and  Shepherd.    Jour.  Am.  Cheni.  Soc,  Vol.  28,  p.  1099. 
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A.  Apparent  specific  gravity.        B.  True  specific  gravity. 

1.  Inversion  1.     Inversion 

2.  Fusion  2.     Fusion 

3.  Chemical  reactions  3.     Chemical  reactions 

4.  Pore  space  4.     Crystallization 

5.  Formation  of  "blebs" 

6.  Crystallization. 


A  slight  change  common  to  both  forms  of  specific 
gravity  is  that  caused  by  the  differences  in  the  coefficient 
of  expansion  between  the  fused  and  crystalline  portions. 
We  observe,  hence,,  that  the  apparent  specific  gravity  must 
be  the  algebraic  sum  of  at  least  six  and  thee  true  specific 
gravity  of  four  factors. 

On  heating  a  clay  body  the  changes  taking  place  in 
quartz  and  feldspar  and  perhaps  in  clay  substance,  the 
character  of  which  has  been  discussed  before,  tend  to  in- 
crease the  volume  or  to  decrease*  the  density.  We  might 
say,  therefore,  that,  in  terms  of  the  density,  the  change  is — 
in  character.  On  cooling  the  clay,  however,  during  the 
critical  temperature  intervals  of  each  constituent  inversed, 
the  density  change  is+for  then  the  inversion,  as  far  as 
reversible,  proceeds  the  other  w^ay.  But  since  the  cooling 
nearly  always  takes  place  far  more  rapidly  than  the  heat- 
ing up,  it  is  quite  probable  that  this  change  in  volume  is 
but  slight. 

We  already  know  that  the  volume  is  increased  on 
fusion  and  remains  increased  unless  cryscallization  takes 
place  on  cooling.  The  change  in  density  on  fusion,  hence, 
is — ^as  far  as  most  silicates  are  concerned. 

(.^hemical  reactions  may  cau.se  either  -f  or  —  changes, 
but  on  heating,  according  to  the  theorem  of  Le  Chatelier, 
the  changes  are  probably  —  in  sign,  as  a  rule. 

The  pore  space,  still  remaining  in  the  clay  which  has 
not  yet  been  closed  up  by  the  softened  or  fused  material 
of  course,  tends  to  decrease  the  apparent  density.  The 
same  thing  is  true  of  the  blebs  formed  by  the  evolution  of 
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gases  within  the  clay.  This  formation  of  gas  is  a  very 
important  factor  in  the  mechanical  strength  developed  in 
a  clay,  and  this  fact  has  been  brought  out  very  clearly  by 
Purdy.  In  some  clays  the  porosity  thus  contributed  may 
be  coincident  with  vitrification  and  hence,  although  the 
clay  itself  may  be  perfectly  vitrified,  the  porosity  curve 
would,  in  such  a  case,  fail  to  indicate  vitrification.  Several 
such  clays  and  bodies  have  been  observed  by  the  writers. 

Crystallization  would,  in  the  nature  of  the  case,  take 
place  only  when  the  temperature  has  ceased  to  rise,  that  is, 
when  the  kiln  is  "soaking,"  the  temperature  just  holding 
its  own  or  when  cooling  begins. 

That  crystallization  does  take  place  to  some  extent  in 
clays  is  established  bevond  a  doubt.  The  senior  writer  in 
examining  a  section  of  paving  brick  which  happened  to 
show  two  well  defined  areas  of  properly  burnt  and  over- 
burnt  clay,  found  numerous  crystals,  needle-like  in  shape, 
in  the  over-burnt  portion,  but  no  evidence  of  crystallization 
in  the  sound  part.  Wegemann,  in  collaboi-ation  with  Prof. 
Purdv,  found  considerable  crvstallization  in  over-burnt 
paving  brick,  fine  needle-like  crystals,  yellowish-green  in 
color,  of  unknown  composition  as  well  as  minute  crystals 
of  iron  oxide.  Crystallization,  as  we  know,  stands  for 
decrease  in  volume  or  increase  in  density,  and  hence  we 
may  say  that  it  is  a  +  change,  in  terms  of  the  density. 

The  investigation  which  is  the  basis  of  this  paper  wds 
carried  on  for  the  purpose  of  determining  the  character  of 
the  changes  in  the  density  and  porosity  of  clay  bodies  to 
which  various  reagents  have  been  added,  burnt  at  different 
temperatures,  and  it  is  due  Prof.  Purdy  to  say  that  it  was 
inspired  by  his  paper  on  the  pyrochemical  and  physical 
changes  of  clays.  It  was  proposed  to  broaden  the  scope  of 
the  work  and  to  determine,  if  possible,  the  following 
questions : 

1.  To  what  extent  do  the  apparent  specific  gravity 
and  porosity  curves  agree  in  indicating  vitrification  in  the 
study  of  various  additions  to  clays? 

2.  If  there  are  any  deviations  where  and  how  do  they 
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occur,  and  what  is  their  character?  Are  there  any  maxi- 
mum or  minimum  points? 

3.  Under  what  conditions  are  certain  substances 
fluxes,  and  when  are  they  non-fluxes  or  refractories? 

4.  At  what  rate  do  these  substances  either  accelerate 
or  retard  fusion? 

5.  At  what  temperatures  does  the  fluxing  or  refrac- 
tory character  of  certain  additions  begin? 

6.  What  are  the  areas  enclosed  by  some  isothermals? 
In  the  work  of  Purdy  the  specific  gravity  and  porosity 

curves  agree  quite  well  in  indicating  vitrification,  and 
hence  it  is  but  natural  to  inquire  whether  this  is  the  case 
under  all  conditions.  Any  deviations  might  be  reasonably 
ascribed  to  conditions  pointing  towards  certain  physical 
or  chemical  phenomena  peculiar  to  the  composition  stud- 
ied, since  we  know  that  the  density  changes  with  the  trans- 
formation caused  bv  chemical  reactions,  solution  or  crvs- 
tallization. 

The  term  flux  is  but  a  relative  one,  and  no  particular 
(*lass  of  substances  can  be  designated  as  fluxes.  In  a  sili- 
cious .  material  like  clay,  ba*sic  substances  act  as  fluxes, 
while  in  l)asic  compositions  like  Portland  cement  silicious 
compounds  unquestionably  behave  as  such.  In  addition  we 
must  consider  the  fact  that  a  small  portion  of  any  sub- 
stance, no  matter  what  its  composition,  dissolved  in  an- 
other, will  lower  the  fusing  point,  provided  no  chemical 
reaction  takes  place. 

The  rate  of  these  changes  is  of  interest  in  as  much  as 
this  factor  may  have  considerable  influence  upon  the  prac- 
tical application.  It  may  be  either  too  rapid  or  too  slug- 
gish. In  this  manner  we  can  establish  the  point  at  which 
no  further  change  is  observed  and  when  additional 
amounts  show  no  effect. 

The  question  of  temperature  establishes  the  points  at 
which  the  activity  of  the  various  additions  become  manifest 
and  at  what  temperature  the  maximum  effec*t  is  shown. 

The  ureas  enclosed  by  successive  isothermal  curves  are 
designed  to  show  the  rate  at  which  vitrification  progresses, 
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and  the  <omposition  of  the  fusible  combination  as  well  as 
the  change  in  the  composition  on  raising  the  temperature. 
It  might  be  said  that  thus  the  changes  in  th«  eutectic  com- 
binations are  indicated. 

The  days  upon  which  the  effect  of  various  substances 
was  studied  were  as  follows : 

1.  Florida  kaolin,  and  in  several  instances,  Georgia 
kaolin. 

2.  Ball  clay,  Tennessee  No.  3. 

3.  Bhale  from  Galesburg,  111. 

4.  Shale  from  Crawfordsville,  Ind. 

5.  Shale  from  Canton,  Ohio. 

The  materials  added  to  the  above  davs  were  as  fol- 
lows : 


1 .  Feldspar 

2.  Whiting 

3.  Ferric  oxide 

4.  Flint 

5.  Florida  kaolin 


6.  Feldspar-flint 

7.  Whiting.flint 

8.  Ferric  oxide-flint 

9.  Ferric  oxide-whiting 
10.  Cornish  stone 


The  composition  of  some  of  the  materials  are  given  in 
the  following  table: 


SiOi, 

9t' 


AlsOa      FcaOa 

9t  % 


FeO 


TiO, 

9fc 


CaO 

9fc 


MgO 


% 


K-O 


Na^O 


% 


^^     Mois- 

°P.'K"    turc 
nirion.      cl 


Galesburg* 
Shale   ... 


Crawfordsville* 
Shale 68.50  16.98 


63.62  16.31,  6.22  2.88 


Canton*  . 
Shale   . 


22.21 


I.S5-5I 

Feldspar   '68.22j17.83 

I 

I 

Flint   \g8.oo 

Iron   Oxide.... 

Whilinjf    I   1.62    3.50 


0.96 


5. 77 
7.26 


0.63 

0.99 

0.56 
0.30 


1.44 


2.60 


1.50 


I. 71        2.97 


99.001 


1.63 


o.ii 


3..S6 


52.65 


12.13 


1.90 


6.26 


0.38 


7.33;0.27 

8.00 
0.35 


0.50 


*Purdy  and  Moore,  Trans.  Am.  Cer.  Soc,  Vol.  9. 
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The  compositions  are  expressed  in  percentages 
throughout,  since  the  changes  to  be  noted  are  shown  in  this 
manner  as  well  as  if  molecular  relations  had  been  em- 
ployed. In  fact,  considering  the  heterogeneous  character 
of  the  clays  used  and  their  physical  differences,  the  consid- 
eration of  chemical  formula  would  have  appeared  to  be 
almost  absurd.  This  is  especially  true  since  we  were  deal- 
ing only  with  the  vitrification  and  not  the  fusion  of  bodies, 
and  particularly  since  the  earlier  stages  of  vitrification 
were  of  special  interest  to  us. 

The  materials  were  weighed  out  in  the  dry  condition, 
and  usually  the  U\o  ends  of  a  series  were  ground  dry  in 
the  ball  mill  for  two  hours.  From  the  two  end  composi- 
tions the  intermediate  mixtures  were  obtmned  by  blending 
and  thorough  grinding  in  a  mortar.  Each  batch  was  then 
made  up  with  water  to  the  desired  consistency,  and  after 
thorough  wedging  was  molded  into  a  brickette  of  the  di- 
mensions :  12.8x7.8x1.3  cm.  in  a  brass  mold  provided  with 
a  movable  bottom.  Each  brickette  was  cut  up  into  eight 
prisms,  which  were  stamped  with  the  series  numbers.  After 
thorough  drying  one  brickette  from  each  mixture  was 
'taken  and  placed  in  a  sagger.  Each  burn,  therefore,  con- 
tained one  of  the  eight  small  brickefrtes  of  every  composi- 
tion. The  saggers  were  placed  and  cones  put  in  the  kiln, 
well  protected  from  any  direct  flame.  The  kiln  used  was  a 
down-draft  test  kiln,  fired  with  coke,  and  has  been  de- 
scribed in  the  paper  on  ^Tritted  Glazes''  by  R.  C.  Purdy 
and  n.  B.  Fox.*  The  firing  temperatures  were  cones  09, 
06,  03,  01,  2,  4,  6 ;  some  brickettes  which  had  been  left  by 
Prof.  Purdy  as  part  of  an  unfinished  investigation  were 
fired  to  cones  9,  11,  and  13.  The  cooling  of  the  kiln  was 
hastened  in  no  case,  though  the  damper  was  left  open. 

The  brickettes  when  cold  were  freed  from  adhering 
particles,  weighed,  and  immersed  in  distilled  water  for  48 
hours;  they  were  then  boiled  for  one  hour  and  finally 
placed  in  a  large  suction  flask  connected  to  a  filter  pump 

♦Trans.  Am.  Cer.  Sec,  Vol.  IX. 
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and  left  there  until  no  more  air  bubbles  were  given  off, 
which  usually  took  seveml  hours.  This  method  was  found 
to  be  more  satisfactory  than  exhaustion  by  an  air  pump,  as 
it  seemed  to  result  in  better  absorption  of  water.  The 
brickettes  were  then  suspended  in  water  by  attaching  with 
a  silk  thread  to  the  beam  of  the  balance  and  thus  weighed. 
Immediately  afterwards  they  were  weighed  in  air,  thus 
giving  the  wet  weight.  The  specific  gravity  was  calculated 
by  the  usual  formula  and  the  porosity  by  the  Purdy  for- 
mula. 

Several  hundred  pycnometer  specific  gravity  determina- 
tions were  also  made  on  the  dried  and  pulverized  brickettes 
by  weighing  a  quantity  of  the  powder  in  the  pycnometer 
and  filling  the  pycnometer  a  little  more  than  half  full  of 
warm  water.  The  pycnometer  was  then  attached  to  a  bent 
50  cc.  pipette,  which  contained  some  water.  The  other  end 
of  the  pipette  was  connected  to  the  filter  pump  and  the  air 
exhausted  from  the  powder.  The  vacuum  was  sufficient  to 
cause  the  water  in  the  pycnometer  to  boil  at  a  temperature 
of  about  30^.  After  no  more  air  bubbles  were  evolved  the 
pycnometer  was  filled  by  raising  the  pipette  and  allowing 
the  air-free  water  to  run  into  the  apparatus.  In  making 
these  determinations  special  pains  were  taken  to  dry  the 
powder  in  an  air  bath  at  a  temperature  never  less  than 
120°.  Some  of  the  pycnometers  were  collapsed  by  the  air 
pressure. 

Comparing  the  specific  gravities  by  the  two  methods 
the  differences  are  shown  to  be  of  the  following  order  of 
magnitude : 
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Spec.  gr.  pycnom 12.69 

Spec.  gr.  suspen.sion    2.55 

Difference jo .  14 

Spec.  gr.  pycnom 2.68 

Spec.  gr.  suspension    12.62 

Difference    io.06 

Spec.  gr.  pycnom J2.66 

Spec.  gr.  suspension    5-56 

Difference    o.io 


2.62  2.73 

2.54 
0.19 


Spec.  gr.  pycnom.  . 
Spec.  gr.  suspension 
Difference    


2.65 
2.60 
Q.05 


2.61 
0.06 


2.60 
0.06 

2.67 

Spec.  gr.  suspension    '2. 6212.6212. 61 

Difference    10.08  0.03I0.06 


Spec.  gr.  pycnom I2.70  2.6 


2.51 

O.II 

2.65 
2.61 
0.04 

2.65 
2.61 
0.04 


2.65 

2.59 
0.06 

2.67 
2.61 
0.06 


2.67  2.66 


2.76 
2.56 
0.20 

2.64 
2.61 
0.03 

2.64 
2.62 
0.02 

2.70 
2.59 

O.II 

2.70 
2.66 
0.04 


2.65 

2.57 
0.08 

2.64 

2.57 
0.07 

2.64 
2.61 
0.03 

2.67 
2.60 
0.07 

2.71 
2.60 

O.II 


2.66 
2.58 
0.08 

2.67 
2.63 
0.04 

2.64 
2.58 
0.06 

2.70 
2.68 
0.02 

2.78 
2.80 
0.07 


2.61 
0.06 

2.67 

2.59 
0.08 

2.67 

2.59 
0.08 

2.67 
2.66 
o.oi 

^n 
2.58 
0.15 


2.68 
2.64 
0.04 

2.69 
0.03 


2.59 

2.51 

0.08 


The  sensibility  of  weighing  in  the  pycnometer  experi- 
ments was  about  0.5  milligram  for  one  balance  and  1  milli- 
gram for  another,  the  average  sample  of  powdered  material 
averaging  8  grams.  The  error  of  weighing  thus  varies 
from  0.005  to  0.01  per  cent.  In  the  suspension  method  the 
weight  of  the  briekettes  varied  from  15  to  20  grams.  The 
sensibility  of  the  balances  was  about  2  centigrams,  which 
corresponds  for  the  15  gram  brickette  to  a  variation  of 
0.13  per  cent. 

From  these  results  it  is  clearly  seen  that  the  specific 
gravity  determinations  by  suspension  are  greatly  af- 
fected by  the  porous  structure  of  the  clay,  that  is,  by  the 
pores  into  which  water  cannot  penetrate.  It  was  recog- 
nized that  in  order  to  obtain  comparable  specific  gravity 
curves  the  true  specific  gravity  would  have  to  be  used.  But 
since  these  determinations  consume  much  more  time,  and 
the  main  aim  of  the  experiments  planned  was  chiefly  a 
practical  one,  it  was  decided  to  use  only  the  apparent 
specific  gravities  and  porosities  in  obtaining  the  rates  of 
vitrification,  since  after  all  it  is  the  rat^^  and  not  the  abso- 
lute ^^lues  that  interested  the  writers  most  at  the  time. 
The  study  of  the  true  specific  gravities  has  been  reserved 
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for  mixtures  whose  components  have  themselves  been  de- 
fined more  closely  by  chemical  and  physical  methods,  and 
which  are  intended  to  be  simple  mixtures  rather  than  such 
complex  ones  as  are  afforded  by  the  shales.  By  this  method 
it  was  possible  to  cover  the  ground  more  rapidly,  and 
about  4000  determinations  were  made.  Owing  to  this  large 
mass  of  data  it  is  impossible  to  reproduce  all  of  the  rate 
curves  thus  obtained,  and  hence  only  the  typical  cases  are 
presented. 

We  shall  now  discuss  the  additions  of  the  various  re- 
agents to  the  clays  mentioned  above. 

FELDSPAR. 

Feldspars  are  considered  neutral  body  fluxes.  By 
this  is  meant  that  their  fluxing  effect  is  additive,  they 
being  simply  solvents  of  the  clay  substance  and  the  free 
silica.  Feldspar  naturally  lowers  the  melting  point  of  a 
bodv  most  when  it  is  added  to  the  eutectic  combination  of 
kaolin  and  quartz,  which  corresponds  to  the  ratio  of  1:3. 
This  is  shown  very  clearly  in  the  clever  work  of  Dr.  M. 
Simonis*  on  "Tme  Fusion  Points  of  Mixtures  of  Zettlitz 
Kaolin,  Quartz  and  Feldspar  Expressed  in  Cones." 

By  means  of  a  simple  arithmetical  expression,  for 
which  he  claims  no  theoretical  or  scientific  signiflcance, 
though  he  suggests  its  practical  use,  he  calculates  the  re- 
fractory quotient  for  bodies  high  in  clay  and  high  in 
quartz.  In  the  first  case,  that  is,  in  clayey  bodies  in  which 
the  per  cent  of  kaolin  is  greater  than  one-third  of  the  per 

cent  of  quartz,  or  where  K  >  ^^  Simonis  obtains  his  re- 
fractory quotient  by  the  formula 

R.  F.=K—  "^3"  -f +60, 

where  K=%  kaolin 
qur=yo  quartz 
f=%  feldspar. 


♦Sprechsaal.  Vol.  40,  Xos.  29  and  30. 

A.  C.  S.— 16 
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For  silicious  bodies  in  which 


qu 
K  <  - 

3 


the  formula  employe  is: 


^-  K 
R.  F.=  _? ~f+60. 

2 

The  number  60  is  added  to  prevent  negative  values. 
The  values  of  the  refractory  quotient  are  translated  into 
cone  temperatures  by  the  following  table : 


Refractory  quotient  . . 
Melting  point  in  cones 
Refractory  quotient  . . 
Melting  point  in  cones 


17.5 
14.0 

65.0 

27.0 


22.6 

15-0 
72. 0 


28.0 

16.0 

80.0 

29.0 


33  7 
17.0 

89.0 

30.0 


39.2 

18.0 

102.0 

31.0 


44.6 

19.0 

1 14.0 

32.0 


50.0 

20.0 

127.0 

33.0 


57.6 

26.0 

141.  o 

34.0 


From  the  consideration  of  the  Simonis  calculation  it 
is  evident  that  feldspar  plays  the  role  of  a  neutral  flux. 

With  regard  to  the  fusion  process  of  trlclinic  feldspars 
we  have  accurate  data  referring  to  artificial  spars,*  which 
had  the  following  composition : 


We  have  here  evidently  mixtures  of  albite  and  anor- 
thite,  and  on  fusing  a  series  of  these  mixtures  it  was  found . 
that  they  proved  to  be  a  series  of  solid  solutions  whose 

♦Day  and  Allen.     The  Isomorphism  and  Thermal  Properties  of  the 
Feldspars,  Carnegie  Inst.,  1905. 
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melting  points  changed  in  almost  linear  relation  to  the 
percentage  composition  of  the  two  silicates.  From  this 
result  Day  and  Allen  conclude  that  the  triclinic  feldspars 
"form  together  an  isomorphous  series."  This  relation  is 
brought  out  clearly  by  the  curve  of  Fig.  1,  in  which  the 
rate  of  change  in  the  specific  gravity  of  mixtures  between 
the  anortliite  and  albite  is  shown  to  be  a  linear  relation. 
This  tends  to  show  that  we  are  dealing  here. with  isomor- 
phous mixtures  and  at  the  same  time, explains  why  they 
ha\te  no  definite  melting  points.  Albite  was  proven  to  melt 
through  a  range  of  about  150°.  Although  the  melting 
point  of  the  average  feldspar  as  used  in  the  industries  is 
about  at  cone  8,  yet  its  interaction  with  clay  substance 
begins  at  a  much  lower  temperature.  Berdel  found  that 
the  dissolving  action  of  orthoclase  feldspar  began  as  low 
as  cone  09. 

On  fusing  mixtures  of  the  trilinic  feldspars  it  was 
found  that  their  melting  points  were  connected  by  a 
straight  line,  the  same  linear  relation  that  held  for  the 
specific  gravities.  This  shows  likewise  that  the  fusion  of 
the  triclinic  feldspars  is  a  continuous  smoothly  proceeding 
process,  and  it  is  even  possible  to  calculate  the  composition 
of  each  point  on  the  curve  from  the  specific  gravity  or  the 
fusion  temperature. 

ADDITION    OF    FELDSPAR. 

The  behavior  of  orthoclase  feldspar  is  shown  suffi- 
ciently in  the  porosity  and  specific  gravity  curves  of  Figs. 
2,  3  and  4.  We  observe  that  the  vitrification  due  to  feld- 
spar is  indicated  both  by  the  drop  in  the  specific  gravity 
and  the  decrease  in  porosity.  We  also  find  confirmed  that 
the  solution  effect  of  feldspar  begins  at  quite  a  low  tem- 
perature, at  least  as  low  as  cone  06.  It  is  likewise  shown 
quite  distinctly  that  feldspar  is  a  neutral  flux  add  does 
not  uud<?rgo  any  chemical  reactions.  The  only  minimum 
is  that  due  to  the  eutectic  mixture  which,  however,  was  not 
fixed  in  these  series.     The  solution  of  kaolin  by  feldspar 
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takes  place  at  a  fairly  rapid  rate,  which  shows  simply  that 
there  seems  to  be  no  physical  obstacle  to  this  mutual 
solution. 

The  curves  also  bring  out  the  difference  in  the  behavior 
of  Georgia  kaolin  and  Florida  kaolin. 

In  Fig.  5  we  have  the  porosity  curve  of  mixtures  of 
Tennessee  ball  clay  No.  3  with  feldspar,  and  it  is  evident 
that  feldspar  in  this  case  becomes  far  more  potent  in  its 
action  than  in  the  cases  of  the  two  kaolins. 

The  effect  of  various  percentages  of  feldspar  upon 
Canton  shale  is  shown  in  Fig.  6,  and  we  observe  that 
though  the  first  additions  cause  a  small  decrease  in  poros- 
ity, the  result  shows  practically  no  gain  in  fusibility  or 
vitrification.  The  same  fact  is  brought  in  Fig.  7,  in  which 
some  of  the  shale-spar  curves  are  arranged. 

In  this  connection  it  was  also  interesting  to  observe 
the  action  of  Cornish  stone  on  kaolin  as  shown  by  Fig.  8. 
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Here  we  note  distinctly  the  slow,  neutral  fluxing  effect 
of  this  material  whose  action  is  more  gradual  than  that  of 
the  feldspar  and  which  offers  the  safest  flux,  as  far  as 
range  and  rate  of  vitrification  are  concerned. 

THE  ADDITION  OF  LIME. 

Kaolin  and  Ball  Clay.  In  the  addition  of  calcium 
carbonate  to  clays  we  are  dealing  with  a  flux  which  is 
unlike  feldspar  or  Cornish  stone-  Its  action  is  not  gradual, 
but  variable;  that  is,  though  its  presence  may  not  be 
observed  by  means  of  the  porosity  curve,  at  the  proper 
reaction  temperature  it  suddenly  combines  and  causes  as 
large  an  amount  of  fusible  magma  to  be  formed  as  is  con- 
sistent with  the  composition  of  the  body.  At  the  same  time 
there  is  to  be  considered  the  fact  that  lime-alumina-silica 
compounds  form  a  number  of  maximum  and  minimum  fus- 
ing compounds.    This  has  been  clearly  shown  in  the  work 
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of  Rieke,*  who  investigated  the  melting  points  of  mixtures 
of  this  kind  in  a  most  thorough  and  exhaustive  piece  of 
work,  using  an  electric  carbon  resistance  furnace  f<wp  the 
determination  of  the  melting  points.  We  shall  consider 
only  his  results,  referring  to  the  AI2O3 : 2  SiOg  mixtures 
and  those  higher  in  silica.  The  first  curve  brings  out  the 
fact  already  noted  by  Cramerf  that  for  high  temperatures, 
additions  of  CaO  to  kaolin,  up  to  10%,  decrease  the  melt- 
ing point  in  equal  intervals.  The  lime-kaolin  fusion  curve 
of  Bieke  is  reproduced  in  Fig.  9,  the  abscissa  indicating 
the  molecules  of  CaO  to  1  molecule  of  AI2O3  :  2  SiOg,  the 
ordinates  the  melting  points  in  cones.  With  a  content  of 
10%  CaO  we  have  a  minimum  corresponding  to  the  for- 
mula CaO,  .2  AI2O3,  .4  SiOj.  On  increasing  the  lime  we 
find  a  maximum  at  the  composition  CaO :  AI2O3 : 2  SiOs* 
With  more  lime  the  fusion  curve  descends  again  to  a  mini- 
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mum  2  CaO :  AlgOg  2  SiOg,  which  is  the  most  fusible  com- 
bination between  kaolin  and  lime  that  exists  correspond- 
ing to  a  percentage  composition  of  36.1%  SiOj,  30.5% 
AlgOa  and  33.4%  CaO.  On  increasing  the  lime  still  more 
Kieke  obtained  a  second  maximum  at  4  OaO :  AI2O3 : 2  SiO. 

This  is  followed  by  a  third  minimum  6  CaO :  AlgOg : 
2  SiOg.  After  this  it  appears  that  no  further  decrease  in 
melting  point  occurs.  Since  the  maximum  and  minimum 
points  very  likely  correspond  to  chemical  combinations,  it 
seems,  according  to  Rieke,  that  there  exist  at  least  four 
distinct  compounds  of  lime  and  kaolin.f 

In  the  mixtures  of  CaO  with  AI2O3 : 3  SiOg  shown  in 
Fig.  10,  there  are  observed  four  maxima  and  four  minima 
which  appear  to  show  the  existence  of  the  following  com- 
pounds and  mixtures: 
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tRieke's  view  that  the  minimum  as  well  as  the  maximum  points  cor- 
respond to  chemical  compounds  is  open  to  criticism.  The  minimum  points 
are  prc])ably  eutectic  mixtures. 
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CaO 

2  AI2O3 

6  SiOj 

CaO 

AljOs    3  SiOj 

7  CaO 

4  AI2O3 

12  SiOg 

2  CaO 

AI2O3     3  SiOa 

3  CaO 
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3  SiOa 
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3  SiOj 

6  CaO 
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6  SiOa 

Finally  in  mixtures  of  lime  with  AlgOg  and  Si02  Rieke 
found  one  rather  indistinct  maximum,  5  CaO :  2  ALJgOg :  8 
SiOg  and  two  minima,  Fig.  11.  The  curve  as  a  whole  is 
more  regular  than  the  preceding  ones. 

It  is  evident  from  these  data  that  we  cannot  expect 
from  lime-clay  mixture  the  regularity  of  fusion  induced  by 
feldspathic  fluxes,  and  it  remains  to  be  seen  how  the  vitri- 
fication of  different  clavs  is  affected  bv  this  flux. 

Lime — Florida  Kaolin  Mixtures.  Inspection  of  curve 
of  Fig-  12  shows  clearly  that  with  increasing  lime  content 
at  Cone  06  but  little  change  occurs  within  the  compositions 
examined,  the  mixture  containing  10%  whiting  showing 
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only  4%  less  porosity  than  the  composition  99.5%  kaolin^ 
0.5%  whiting.  We  also  observe  that  the  first  2%  of  whit- 
ing in  the  Cone  9  curve  are  more  effective  in  decreasing 
porosity  than  3-6%,  a  second  decrease  in  porosity  taking 
place  only  beyond  6%  whiting.  Of  course  this  is  in  agree- 
ment with  the  general  theory  of  dilute  solutions  as  sug- 
gested by  Ludwig. 

On  studying  mixtures  of  ball  clay  and  larger  amounts 
of  lime  we  observe  in  the  specific  gravity  curve,  Fig.  13,  a 
distinct  minimum  in  the  Cone  09,  03,  and  2  burns  at  about 
30%  whiting  and  70%  ball  clay,  which  corresponds  roughly 
to  the  minimum  CaO :  AlgOg :  2  SiOg  observed  by  Rieke. 
This  seems  to  be  the  eutectic  composition  under  these  tem- 
perature conditions.  The  corresponding  porosity  curve. 
Fig.  14,  show^s  two  maxima  and  minima,  the  first  maximum 
being  at  30%  whiting  and  70%  ball  clay,  the  second  at 
50%  clay,  50%  w^hiting.  The  minimum  is  at  40%  whiting, 
60%  ball  clay,  a  second  minimum  is  indicated,  but  not 
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reached.  Of  course  it  would  be  idle  to  claim  that  these 
maximum  points  actually  do  represent  certain  compounds, 
as  we  must  remember  that  the  apparent  specific  gravities 
are  the  resultants  of  a  number  of  factors,  of  which  not  the 
least  important  is  the  temperature  to  which  each  brickette 
was  raised  in  the  kiln.  It  w^ould  be  claiming  too  much  to 
say  that  each  brickette  actually  reached  or  did  not  exceed 
the  temperature  of  the  burn  as  indicated  by  the  cone  in 
each  sagger.  There  must  have  been  temperature  differ- 
ences. Another  very  important  factor  in  the  curves  repre- 
senting a  series  of  compounds,  is  the  constantly  changing 
initial  specific  gravity  of  each  mixture  as  we  start  from  one 
side  of  the  curve  sheet  to  the  other.  For  instance,  the  last 
series,  on  going  from  left  to  right  increases  in  lime.  Every 
increase  in  CaO  thus  means  a  change  in  specific  gravity, 
and  this  should  be  borne  in  mind  in  examining  subsequent 
curves.  If,  now,  in  spite  of  these  factors,  certain  maxima 
and  minima  occur,  coinciding,  at  least  in  most  cases,  with 
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similar  points  in  the  porosity  curves,  we  are  led  to  the 
conclusion  that  certain  phenomena  are  taking  place.  The 
technical  side  of  the  vitrification  progress  is  represented, 
of  course,  by  the  porosity  curves.  In  Fig.  15  the  action  of  6 
and  9.5%  respectively  of  whiting  is  shown  for  the  lower 
temperatures,  and  we  observe  that  the  decrease  in  porosity 
begins  about  between  cones  06  and  01. 
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fihales.  In  the  porosity  curves  of  mixtures  of  Canton 
shale,  Fig.  16,  and  whiting  we  observe  that  the  lime  begins 
to  act  as  a  refractory  substance  in  percentages  that  vary 
with  the  temperature.  In  the  Cone  06  curve  almost  the 
first  addition  of  lime  seems  to  increase  the  porosity,  while 
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the  increase  in  the  Cone  01  and  2  curves  b^ins  with  1.5 
and  4.5%  respectively.  The  significance  of  the  minimum 
with  the  9%  addition,  if  it  really  is  a  minimum,  remains 
to  be  explained.  From  general  considerations  it  appears 
that  the  porosity  at  about  that  point  ought  to  decrease. 

The  rate  at  w^hich  this  shale  decreases  in  specific 
gravity  and  porosity  is  shown  in  Fig.  17,  and  brings  out 
the  fact  that  the  porosity  tends  to  increase  up  to  Cone  06, 
and  from  this  point  on  shows  a  rate  of  decrease  slower  than 
that  of  the  pure  shale.  But  after  passing  Cone  03  its 
vitrification  becomes  decidedly  more  rapid  than  that  of 
unmixed  shale,  as  we  know  to  be  the  effect  of  lime. 

In  Fig.  18,  representing  mixtures  of  Crawfordsville 
shale  and  whiting,  we  observe  a  very  decided  increase  in 
porosity  between  Cones  06  and  03,  followed  by  an  ex- 
tremely sudden  drop  between  03  and  01.  The  increase  in 
porosity  after  vitrification  has  been  reached  is  also  quite 
marked  in  some  of  the  lower  lime  mixtures. 
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FIG  16. 
CANTON  SHALE  AND  WHITING 
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The  Galesburg  shale,  Fig.  19,  was  less  aflfected  by  the 
lime  added  than  the  two  other  shales  at  Ck>ne  2,  but  at 
Cone  4  the  mixtures  had  gone  considerably  beyond  viscous 
vitrification  and  had  stuck  to  the  saggers. 
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With  regard  to  the  effect  of  lime  introduced  as  the 
carbonate  we  may  say,  therefore,  that  it  is  not  a  neutral, 
gradual  flux,  but  evidently  there  are  produced  several  com- 
binations of  lime  with  the  other  constituents  of  the  clay 
which  are  available,  which  give  risee  to  curves  showing 
maximum  and  minimum  points.  This  is  the  case  especially 
with  larger  amounts  of  lime.    This  eflfect  naturally  is  more 
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prominent  at  higher  temperatures.  The  fluxing  effect  of 
small  amounts  of  lime  on  high  alumina  clays  is  not  marked 
at  lower  temperatures,  as  evidently  such  temperature  as 
Cone  2  are  not  yet  within  the  temperature  zone  of  its 
activity. 
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In  ferruginous  shales  containing  lime  the  maximum 
fluxing  effect  is  shown  by  not  more  than  5%  of  the  car- 
bonate. Anj'^  increase  above  this  amount  seems  to  produce 
refractoriness  at  temperatures  up  to  Cone  2  inclusive. 
The  amount  of  lime  drawn  into  reaction  increases  with  the 
temperature;  while  at  Cone  06  it  does  not  seem  to  have 
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taken  part  in  the  condensation  of  the  body,  at  Cone  01  its 
effect  is  noticeable.  In  r^ard  to  its  general  behavior  in  a 
paving  brick  shale  we  must  say,  of  course,  that  it  is  an 
undesirable  constituent,  not  only  because  of  its  sudden 
fluxing  effect,  but  also  because  of  its  tendency  to  produce 
vesicular  structure. 
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ADDITION    OF    FERKIC   OXIDE. 


In  the  series  in  which  we  have  mixtures  of  clay  with 
increasing  amounts  of  ferric  oxide,  it  is  evident  that  each 
increase  in  iron  results  in  an  increase  of  specific  gravity, 
and  hence  specific  gravity  curves  are  of  little  value  in  this 
connection. 
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Florida  Kaolin.  From  Fig.  20  we  obsene  at  once  that 
iron  oxide  is  by  no  means  an  active  flux  when  combined 
with  clay  substance,  for  while  a  small  amount  seems  to 
exert  some  fluxing  action,  its  general  tendency  seems  to  be 
a  rather  indifferent  behavior.  The  areas  indosd  by  the 
100%  kaolin  and  the  kaolin-iron  mixture  curves  give  some 
measure  of  the  fluxing  effect  of  the  ferric  oxide.  It  is  noted 
that  in  part  of  the  curves  the  ferric  oxide  behaves  as  a 
refractory  agent. 

In  the  shale-ferric  oxide  series  practically  the  same 
effects  are  observed.  In  the  Cone  2  curve  up  to  an  addition 
of  2.5%  of  ferric  oxide  a  small  decrease  in  porosity  is  ob- 
served, after  which  the  iron  seems  to  behave  as  a  neutral 
agent.  More  iron  tends  to  make  the  clay  more  refractory 
up  to  a  certain  point.  There  is  no  doubt  but  that,  if  the 
iron  were  increased  still  more,  one  or  minimum  and  maxi- 
mum points  would  be  reached,  for  in  the  90%  Canton 
shale — 10%  FegOg  curve  the  fluxing  effect  becomes  quite 
marked.  Fig.  21  shows  the  effect  of  the  ferric  oxide  upon 
this  shale  by  the  areas  enclosed  between  the  two  porosity 
curves.  The  other  shales  behave  in  inuch  the  same  manner. 

We  mav  conclude  from  these  results  that  ferric  oxide 
is  not  an  effective  flux  when  combined  with  clav  substance, 
nor  has  it  a  very  marked  influence  upon  ferruginous  shales. 
In  the  first  case,  perhaps  due  to  the  lack  of  free  silica,  in 
the  second  due  to  the  large  amount  of  iron  already  present. 
At  the  same  time  the  ferric  oxide  behaves  as  a  slow  acting 
and  safe  flux.  An  excess  seems  to  promote  the  formation 
of  a  vesicular  structure,  and  it  might  be  that  in  the  shale- 
iron  oxide  curves  with  varying  percentages  the  increase  in 
porosity  is  due  to  this  cause. 

The  hypothetical  case  of  adding  iron  oxide  to  clays  in 
order  to  make  them  more  suitable  for  the  manufacture  of 
paving  brick  seems,  therefore,  not  to  be  well  taken,  though 
some  patent  specifications  pi^escribe  such  a  mixture. 


IK   THE   F0B06ITY   AND  THE   SPECIFIC  GSAVITY  OF   SOME  CLAYS.  327 


thans. 

AM  CER. 

soc 

VOL.X. 

1 

BLEININQER 

AND 

MOORI 

FIG.22. 

50 

KAOLIM  SC   FLINT 

1       1             1       .      1      1      1      1 

1 

r 



'    T        1 

1         1 

4P 



=- 

go: 

ae 

9 

- 

-            - 

1 

1 

ad 

ii- 

'^ 

Uo 

' —  f 

'1 

i 

^ 

\J^ 

1 

1 

1 1 

o 

^» 

a. 

"^ 

y' 

^ 

X 

1 

10 

. 

1          1 

t 

1     -' 

1 

1 

I 

r 

K 

BUM 

AOL 

IT  1 
IN  9 

0 
0 

2 

.0 

to 

1 

• 

iO 

4 
6 

0 
»0 

• 

•0 

4 

0 
0 

79            80 
30           20 

COMPOSITION 


TRAN6.  AM    OCR    &0C     VM.X. 


eiEMINfiER     ANO     MOOI^C 


R»lfl«T  t 

CAinDNSHMJSe 


4  6  • 

S6    '       94-  32 

COMPOSITION 


328     THE  INFLUENCE  OF  FLUXES   AND  NON-FLUXES    UI-QN   THE   CHANGES 


ADDITION  OF  FLINT. 

Florida  Kaolin,  As  is  to  be  expected,  the  kaolin-flint 
series  produce  curves  showing  increase  in  porosity  with 
increase  in  flint,  Fig.  22. 

Shales.  Mixtures  of  Canton  shale  and  Hint,  Fig.  23, 
showed  a  remarkable  drop  in  their  porosity  curve  at  the 
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composition,  OO^c  shale,  11 7o  flint.  Up  to  this  proportion 
the  porosity  of  the  shale  mixtures  for  each  temperature 
kept  about  constant.  This  drop  is  simultaneous  in  all  of 
the  temperature  curves,  and  clearly  indicates  that  a  far 
reaching  change  took  place  at  this  point.  The  practical 
conclusion,  hence,  would  be  that  10%  of  fine  flint  acts  as 
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a  flux  in  this  shale,  forming  probably  an  easily  fusible 
silicate  with  the  iron  oxide  and  other  fluxes.  In  mixtures 
of  Qalesburg  shale  and  flint  tvi'o  drops  were  observed  in 
the  porosity  curve,  though  neither  one  of  them  was  well 
deflned,  one  at  8%,  the  other  at  18%  flint.    In  the  Craw- 
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fordsville  shale  mixtures  the  Cone  2  curve  likewise  showed 
two  minimum  points,  one  at  10%,  the  other  at  19%  flint. 
These  points  also  were  not  as  well  defined  as  the  point 
observed  in  the  Canton  shale,  though  more  distinct  than 
in  the  Galesburg  shale. 

Eeferring  to  the  absolute  fluxing  effect,  there  is  no 
gain  as  regards  increase  in  fusibility  by  the  addition  of 
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flint  to  Canton  sbaie.  Any  addition  of  flint  at  once  makes 
the  clay  more  refractory  until  11%  have  been  added,  when 
the  drop  occurs.  At  the  last  point  the  mixture  seems  to  be 
but  a  trifle  more  refractory  than  the  unmixed  shale.  Fig. 
24.  The  rate  of  vitrification  does  not  seem  to  be  affected ; 
if  at  all,  it  is  in  the  direction  of  safer  burning. 

The  Galesburg  shale  mixtures  with  flint  show  a  de- 
cidedly lower  vitrification  range  than  the  pure  shales,  and 
it  seems,  hence,  that  in  this  case  flint  acts  as  a  pronounced 
flux.  Fig.  25. 

In  the  Crawfordsville  shale  the  flint  acts  distinctly  as 
a  flux  up  to  5%,  and  at  the  same  time  it  disturbs  the  rate 
of  vitrification  unfavorably,  Fig.  26.  Above  5%  the  refrac- 
tory character  of  flint  appears,  which  is  maintained  until 
10%  have  been  added.  ^In  this  case  also  the  rate  of  vitrifi- 
cation is  changed  in  an  undesirable  manner. 
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ADDITION  OF  ELORIDA  KAOLIN. 

Shales.  The  first  addition  of  1%  of  kaolin  to  Canton 
shale  in  the  Cone  2  curve  produced  an  increase  in  porosity 
which  then  kept  practically  constant  until  t)%  had  been 
added.  At  this  point  another  slight  rise  in  porosity  took 
place.  Between  10  and  11%  a  sudden  drop  in  porosity 
wSiH  observed,  and  it  is  evident  that  the  kaolin  in  this 
proportion  exerts  a  decided  fluxing  action,  Fii;.  27. 

In  the  Crawfordsville  shale  a  rise  in  porosity  at  2% 
and  a  drop  at  3%  is  observed.  With  15%  of  kaolin  a  very 
decided  decrease  in  porosity  is  noted  corresponding  to  the 
drop  with  11%  Canton  shale,  Fig.  28. 

In  the  Galesburg  shale  we  observe  (Cone  2  curve)  a 
drop  in  the  porosity  for  the  addition  of  1%  kaolin,  followed 
by  a  rise,  after  which  the  curve  has  a  slight  upward  slope. 
At  the  highest  percentage  of  kaolin  added,  15%,  the  mini- 
mum point,  if  there  is  one,  has  not  been  reached,  though 
the  curve  suggests  its  presence.  Fig.  29. 
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From  the  specific  gravity  and  porosity  curves  of  the 
single  Crawfordsville  shale  and  kaolin  mixtures,  Pigs.  30 
and  31,  we  observe  several  interesting  phenomena.  The  1% 
mixture  curve  is  practically  parallel  to  the  pure  shale 
curve.     With  the  3%  mixture  the  kaolin  acts  as  a  flux 
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between  Cones  09,  06,  and  03-2.  At  Cone  01  we  find  a 
distinct  minimum  point,  which  is  shown  also  in  the  5fo 
mixture. 

The  Canton  shale-kaolin  mixtures  likewise  show  a 
minimum  point  at  Cone  01,  and  the  curves  indicate  that 
up  to  about  10%  the  clay  substance  does  not  exert  any 
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influence  upon  the  clay  below  Cone  03.  The  11  %  mixture, 
however,  shows  a  great  drop  in  porosity,  and  here  the 
kaolin  behaves  as  a  potent  flux,  Fig.  32.  The  fluxing  power 
of  kaolin  in  the  Galesburg  shale  is  shown  by  the  1%  curve, 
and  we  note  also  in  the  curves  up  to  8%  that  this  action 
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takes  place  at  a  low  temperature,  between  Cones  09  and 
03,  the  rate  of  decrease  in  porosity  being  quite  steep. 

It  is  shown  clearly,  hence,  that  different  shales  react 
quite  differently  towards  kaolin,  and  it  is  not  at  all  im- 
pirobable  that  this  might  afford  a  means  of  differentiation 
between  the  structures  of  various  shales. 
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ADDITION  OF  FELDSPAR-FLINT. 

Kaolin.  Mixtures  of  these  three  materials  offer 
special  interest  to  the  clay  worker  inasmuch  as  they  make 
up  the  bulk  of  our  porcelain  bodies.  Bui  the  study  of  such 
a  system  becomes  more  complex,  and  hence  the  writers  have 
resorted  to  the  use  of  the  triaxial  diagram,  ts'hich  is  a  well 
kno\«Ti  means  of  expressing  three  variable  compositions 
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KAOLIN 


with  the  constant  condition  that  the  sum  of  the  three  com- 
ponents be  equal  to  100.  The  use  of  the  triaxial  diagram 
has  been  explained  in  our  Transactions  by  Mr.  H.  E. 
Ashley  (Vol.  7).  To  recapitulate  briefly,  let  us  call  the 
lower  left  hand  corner  of  the  triangle,  Fig.  34,  the  origin 
or  0  per  cent  of  flint,  then  along  the  base  of  the  triangle 
we  measure  the  flint  so  that  the  right  hand  corner  stands 
for  100%  of  flint.  Continuing  in  the  counter-clockwise 
direction  we  proceed  to  measure  the  feldspar  along  the 
right  side  of  the  triangle.    This,  of  course,  makes  the  100% 

A.  C.  S.— 17 
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flint  corner  eiiual  to  0%  feldspar,  and  the  apex  of  the 
triangle  then  becomes  100%  feldspar  and  at  tlie  same  time 
0%  kaolin.  The  latter  thus  is  measured  alonjc  the  left  side 
of  the  triangle  and  the  lower  left  hand  corner  becomes 
pqual  to  100%  kaolin.  We  might  thus  represent  to  our- 
selves the  diagi*am  made  up  of  three  triangles,  of  which  the 
apices  are  respectively  100%  flint,  100%  feldspar,,  and 
100%  kaolin.  The  base  of  each  triangle  then  would  equal 
0%  of  flint,  feldspar  and  kaolin  respectively.  If  hence  Ave 
desire  to  plot  flint  we  would  measure  along  any  line  par- 
allel to  the  base  of  the  flint  triangle,  that  is,  parallel  to 
the  kaolin  line.  Similarly,  we  measure  feldspar  along  any 
line  parallel  to  the  base  of  the  feldspar  triangle,  that  is, 
parallel  to  the  flint  line.  The  kaolin  then  would  be  meas- 
ured along  lines  parallel  to  the  feldspar  line.  Thus,  a  mix- 
ture consisting  of  25%  flint,  25%^  feldspar,  and  50% 
kaolin  would  be  measured  as  follows  (Fig.  34).  At  the 
point  25%  flint  we  follow  a  line  drawn  parallel  to  the 
kaolin  line.  We  then  proceed  to  the  feldspar  side  and  draw 
a  line  from  the  25%  point  parallel  to  the  flint  side.  The 
intersection  of  these  two  lines  will  be  the  point  sought,  for 
on  drawing,  from  tlie  intersection  point,  a  line  parallel  to 
the  feldspar  side,  it  will  strike  the  kaolin  side  at  the  50% 
point.  The  point,  hence,  represents  25%  flint,  25%  feld- 
spar, and  50%  kaolin.  Similarly  any  other  mixture  m?iy 
be  plotted. 

In  the  diagram  we  can  now  group  together  these  mix- 
tures, vitrifying  at  the  same  temperature  by  drawing  lines 
connecting  all  mixtures  whose  vitrification  point,  that  is, 
the  point  at  which  they  absorb,  not  more  than  1%  of  water 
is  the  same.  For  instance,  by  drawing  a  line  around  the 
area  including  all  mixtures  vitrifying  at  Cone  4  we  have 
defined  a  thermal  boundary,  and  the  resulting  curve  we 
call  the  isothermal.  By  doing  the  same  thing  for  the 
Cones  6  and  9  we  obtain  successive  areas  which  increase  in 
extent.  This  method,  therefore,  represents  not  only  the 
compositions  which  may  be  expected  to  vitrify  at  a  certain 
temperature  from  which  the  one  most  suitable  for  prac- 
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tieal  operation  may  be  selecteil,  but  it  also  shows  distinctly 
the  intervals  between  the  isothermals,  thus  expressing  the 
range  of  the  vitrification  areas.  Fig.  35  thus  gives  us  a 
summarv  of  the  vitrification  behavior  of  the  svstem  Flor- 
ida  kaolin-flint-feldspar,  which  needs  no  further  explana- 
tion. 

In  Figs.  36,  37,  38,  39,  40,  41  we  have  mixturt^s  of  30%, 
40%,  50%,  607c,  70%,  and  80%  of  Florida  kaolin.  In  all 
the  series  excepting  one,  the  40%  series,  the  porosity  curves 
are  fairlv  smooth.  In  this  series  two  distinct  maximum 
points  are  observed;  one  with  10%  flint  and  50%  spar,  the 
other  with  50%  flint  and  10%  spar.  The  cause  of  these  two 
changes  the  writers  do  not  venture  to  explain.  In  regard  to 
the  individual  porosity  curves  of  the  kaolin-feldspar-flint 
series  the  rate  of  decrease  in  porosity  becomes  very  sudden 
under  two  conditions,  viz.,  in  the  kaolin-feldspar  mixtures 
in  the  absence  of  flint,  and  in  the  mixtures  containing  but 
a  small  amount  of  flint  compared  with  the  amount  of  feld- 
spar.    This  is  more  pronounced  in  the  low  kaolin  series. 
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As  the  flint  increases  the  cun^es  assume  a  gentle  slope.  An 
illustration  of  this  behavior  is  shown  by  Figs.  42,  48,  44. 
It  is  also  an  interesting  fact  that  feldspar  behaves  as  a 
powerful  flux  at  such  low  temperatures  as  Cones  06  and  03. 
The  writers  find  it  impossible  to  discuss  the  many  curves 
available  from  these  series  without  greatly  exceeding  the 
limits  of  this  paper.  One  more  fact  might  be  mentioned, 
however,  and  this  is  the  tendency  of  high  feldspar  mixtures 
to  become  vesicular,  even  before  total  vitrification  is 
reached,  tjius  obscuring  the  real  changes  taking  place  in 
the  molecular  bodv  structure. 

Shale.  The  effect  of  a  feMspar-flint  mixture  may  be 
observed  in  Fig.  45,  where  we  have  76%  Canton  shale  and 
24%  of  feldspar  and  flitit.  It  is  seen  that  even  a  mixture 
of  7%  of  spar  and  17%  of  flint  exerts  a  fluxing  action 
upon  the  shale. 

Similar  effects  are  observed  on  the  flalesburg  and 
Crawfordsville  shales.  Fig.  46  shows  the  vitrification 
of  some  Canton  shale-spar-flint  mixtures  in  which  the  flux- 
ing effect  of  these  components  at  Cone  2  becomes  quite 
evident.  ' 

ADDITION  OF  LIME  SILICA. 

Shales,  The  effect  of  lime-silica  upon  the  Galesburg 
and  CraAvfordsville  shales  is  shown  in  Figs.  47  and  48.  A 
mixture  of  5%  whiting  and  15%  flint  has  evidently  lowerwl 
the  vitrification  point  of  the  Galesburg  shale  to  Cone  2 
and  that  of  the  Crawfordsville  shale  to  01.  In  each  case 
this  is  accomplished  at  the  sacrifice  of  the  safe  to  a  rapid 
rate  of  vitrification.  The  presence  of  the  silica  seems  to 
have  a  slight  modifying  effect  since  the  curves  are  not  so 
abrupt  as  they  would  be  if  the  lime  were  added  alone. 

In  Figs.  49,  50  and  50a  we  find  assembled  some  of  the 
vitrification  curves  of  these  shales  blended  with  A^arying 
amounts  of  flint  and  whiting. 
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ADDITION  OF  FERRIC  OXIDE-FLINT. 

Shales.  In  Fig.  51,  showing  the  porosity  curves  of 
80%  Crawfordsville  shale  and  20%  ferric  oxide  and  flint, 
we  observe  at  once  that  the  reactions  appear  complex,  and 
by  no  means  continuous.  In  the  Cone  2  curve  we  have 
three  distinct  minimum  points.  We  also  observe  that  the 
reactions,  whatever  they  may  be,  begin  at  a  low  tempera- 
ture, since  the  curves  lie  very  close  together.  With  6% 
FcjOs  even  the  Cone  01  curve  has  come  considerably  below 
the  porosity  shown  in  the  normal  shale  at  Cone  2.  We 
observe  in  this  connection  the  fact  that  at  Cone  01  the 
shale  shows  a  lower  porosity  than  at  Cone  2.  This  increase 
in  porosity  at  the  higher  temperature  appears  to  be  due  to 
vesicular  structure,  which  is  observed  even  before  vitrifica- 
tion is  reached  at  any  point.  With  16%  FegOg  the  shale 
mixture  reaches  complete  vitrification  at  Cone  2,  at  which 
temperature  the  normal  shale  has  a  porosity  of  11%. 

In  a  mixture  of  75%  Canton  shale  and  25%  ferric 
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oxide  and  flint,  Fig.  52,  we  observe  somewhat  similar  con- 
ditions. Complete  vitrification  is  reached  here  as  h)w  as 
Cone  01,  at  which  temperature  the  normal  shale  has  a 
porosity  of  12%.  This  point  occurs  with  a  mixture  of  10% 
FcgOg,  15%  flint,  that  is,  with  a  ratio  of  2 : 3. 

The  Galesburg  slmle  seems  to  beliave  more  regularly 
than  the  preceding  clays,  and  does  not  appear  to  produce 
the  vesicular  structure  observed  in  the  former.  No  decided 
change  seems  to  take  place  at  Cone  2  for  the  changes  in  the 
iron-flint  ratio,  Fig.  53. 

The  individual  vitrification  curves  of  these  shales- 
iron-flint  combinations  are  illustrated  in  Figs.  54,  55,  5H. 

Similar  results  have  beiMi  obtained  bj  A\'orcester  in 
experiments  involving  the  production  of  mixtures  of  red 
Bedford  shale  and  ground  Berea  grit. 

ADDITION   OF  PERUK^   OXIDE-LIME. 

Shales.  Here  we  observe  that  in  a  mixture  of  90% 
of  Oawfordsville  shale,  3%  FcgO.t  and  7%   whiting  have 
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brought  the  vitrification  down  to  Cone  01.  Increase  in 
ferric  oxide  causes  the  vitrification  point  to  rise  until  the 
mixture,  9%  FegO;^  and  1%  whiting  is  reached,  where  we 
have  a  second  minimum  point.  The  Cone  01  and  Cone  2 
curves,  it  will  be  observed,  are  very  close  together.  Fig.  57. 

In  the  Oalesburg  shale  conditions  appear  to  be  some- 
what diflFerent  and  we  have,  within  the  range  studied,  only 
one  minimum  point  which  is  close  to  6^  FegO.,,  4%  whit- 
ing in  the  Cone  01  curve.  In  the  Cone  2  curve  it  has  ad- 
vanced to  7%  FCgOs  and  3%  whiting.  Fig.  58. 

The  Canton  shale  seems  to  be  more  sensitive  to  such 
additions,  as  is  shown  in  Fig.  59,  where  it  appears  that  the 
shale  has  been  rendered  vesicular  in  structure  at  Cone  2. 
It  is  especially  peculiar^that  this  should  be  the  case,  since 
Cone  01  does  not  seem  to  have  produced  vitrification.  It 
is  possible  that  the  vitrification  range  is  so  narrow  that  it 
was  missed  in  the  experiments.  Yet  this  seems  hardly 
probable.  The  natural  conclusion  would  be  that  the  for- 
mation of  "blebs"  took  place  before  general  vitrification 
set  in. 

In  the  individual  curves  of  the  Cra>vfordsville  shale 
series,  Fig.  60,  a  gradual  change  in  the  slope  of  the  curves 
is  noted,  which  tends  to  become  smaller  as  the  Fe2^^3  "!• 
creases.  With  the  increase  of  the  ferric  oxide  tliere  is  ob- 
served a  peculiar  retardation  between  Cones  06  and  03, 
indicating  perhaps  some  phenomena  taking  place  between 
the  lime  and  the  iron.  Of  course  it  is  impossible  to  deter- 
mine just  what  this  change  is. 

In  the  Galesburg  slmle  series,  Fig.  61,  the  gradation 
on  increasing  the  iron  is  smoother  and  not  marked  by  tlie 
retardation  noted  above,  excepting  perhaps  in  the  4% 
whiting,  69f   Fe^O:^  curve. 

The  Canton  shale  series,  Fig.  62,  is  not  comparable 
with  the  two  preceding  series,  owing  to  the  fact  that  here 
we  have  but  80^/r  sliale  with  20^/^  lime  and  iron  oxide. 
However,  some  facts  are  brought  out.  First  we  have  tho 
cliange  in  slope  with  the  decrease  in  lime,  and  second,  we 
observe  between  Cone  01  and  2  a  marked  increase  in  poros- 
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ity  which  appears  in  every  curve,  the  cause  of  which  must 
t»e  sought  in  the  production  of  vesicular  structure.  It  is  pos- 
sible that  vitrification  had  set  in  at  Cope  1,  in  which  case 
it  was  missed,  since  no  burn  was  made  at  this  temperature. 

From  the  data  presented  in  this  paper  the  writers  be- 
lieve that  the  method  of  determining  the  rate  of  the 
porosity  changes  affords  a  practical  means  of  examining 
the  vitrification  phenomena  not  only  of  natural  clays,  but 
also  of  body  mixtures.  The  porosity  method  is  essentially 
a  practical  one,  and  where  it  is  desirable  to  know  the  mole- 
ciilar  changes,  either  physical  or  chemical,  taking  place,  it 
must  be  supplemented  by  specific  gravity  curves  represent- 
ing the  true  specific  gravities  as  determined  by  the  pycno- 
meter,  under  the  special  precautions  advised  in  this  paper. 
Unless  these  determinations  are  made  with  great  care  they 
are  of  little  value,  since  the  changes  involved  are  frec[uently 
only  of  small  magnitudes.  The  specific  gravity  curves 
employed  in  this  paper,  hence,  are  not  close  enough  to 
admit  of  exact  conclusions. 

From  the  scientific  standpoint,  therefore,  wherever 
the  discussion  of  the  molecular  structure  is  involved,  the 
true  specific  gravity  curves  are  the  main  criteria  of  these 
changes.  At  the  same  time  it  must  be  remembered  that 
the  true  specific  gravity  is  in  itself  the  resultant  of  the 
physical  and  chemical  phenomena  clearly  indicated  in  the 
first  part  of  this  contribution,  and  cases  might  occur  where 
the  rate  change  becromes  zero,  owing  to  neutralizing  factors- 
These,  however,  seem  to  be  the  exception.  The  porosity 
curves  are  subject  to  grave  errors  under  certain  c(mditions. 

The  maximum  or  minimum  points,  so  important  in  the 
study  of  all  fusion  phenomena,  may  frequently  be  detected 
by  the  porosity  curves.  Their  determination  is  more  exact 
if  fixed  by  the  specific  gravity  curve,  since  practically  all 
physical  or  chemical  phenomena  are  accompanied  by  a 
change  in  specific  volume,  and  since  nearly  all  silicates 
(no^  containing  any  borates)  on  the  application  of  heat,  as 
far  as  known,  increase  in  volume. 

The  use  of  reagents  such  as  have  been  employed  in  this 
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paper  seems  to  the  writers  to  be  of  considerable  value  in 
bringing  out  and  studying  the  differences  in  the  chemical 
and  physical  structure  of  clays.  Different  clays  will  re- 
spond differently  to  the  same  reagent  under  the  same  heat 
treatment.  To  illustrate,  every  potter  knows  that  there  is 
a  great  difference  between  the  behavior  of  English  china 
clay  and  American  kaolins.  By  heating  each  of  these  clays 
with,  say,  a  mixture  of  20%  flint  and  15%  feldspar  to 
several  temperatures,  different  porosity  curves  will  be  ob- 
tained, showing  the  distinct  characteristi'^  of  each  type  of 
material.  It  goes  without  saying  that  the  reagent,  what- 
ever it  may  be,  must  be  kept  the  same,  both  as  to  composi- 
tion and  fineness,  just  as  the  cement  manufacturers  and 
testers  employ  a  standard  sand  for  their  purposes.  This 
would  mean  the  storing  of  a  considerable  amount  of  such 
a  material.  The  preparaticm  of  the  test  pieces  also  should 
be  done  under  uniform  conditions. 

Another  extremely  important  factor  is  the  heat  treat- 
ment, which  should  be  continued  long  enough  to  establish 
conditions  of  equilibrium  and  should  be  noted  a^s  closely  as 
possible  with  reference  to  cone  temperatures.  That  the 
heating  should  be  the  same  in  each  case  is  self-evident, 
since  we  know  that  we  are  dealing  with  incomjilete  reac- 
tions which  differ  for  different  heat  treatments. 

In  this  connection  the  need  of  a  really  satisfactory 
small  laboratory  test  kiln  becomes  very  apparent,  and  this 
problem  awaits  solution. 

As  has  been  said  before,  for  practical  purposes  the 
porosity  curves  are  amply  sufficient. 

There  can  be  no  doubt  but  that  we  must  approach  the 
study  of  our  clay  bodies  and  mixtures  along  this  line,  and 
before  definite  laws  can  be  laid  down  a  great  de^\  of  work 
must  yet  be  done.  This  field  has  been  barely  opened,  but 
it  is  hoped  that  the  function  of  the  several  sul)stances  stud- 
ied will  be  indicated.  What  is  needed  most  is  the  study 
of  the  simpler  combinations.  . 

In  conclusi(m,  the  writers  wish  to  express  their  in- 
debtedness to  Professor  C  W.  Rolfe  for  having  granted 
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the  funds  and  facilities  necessary  for  carrying  out  this 
work. 

DISCUSSION.* 

Mr.  Purdjj:  This  paper  cannot  be  discussed  at  all 
adequately  because  of  the  mass  of  data  presented.  The 
curve  form  is  probably  the  most  lucid  waj  of  presenting 
data,  but  the  mass  of  data  is  so  confounding  that  you  can 
not  expect  one  to  follow  it  in  the  short  time  which  has 
been  given  it. 

There  were  a  few  point®  though  that  I  noticed  as  he 
went  along;  for  instance,  perhaps  that  iron  did  not  seem 
to  have  acted  as  a  flux,  as  we  supposed  it  did,  except  in  the 
role  of  a  catahzer.  We  noted  the  same  thing  last  year  in 
the  study  of  the  microscopic  slides  of  burned  shales,  the 
iron  separated  out  into  definite  crystals  instead  of  com- 
bining with  the  silica.  If  iron  combines  with  silica  to  any 
great  extent  it  certainly  would  in  a  shale  burned  to  a  very 
dark  chocolate  color  under  both  reducing  ronditions  and 
great  heat.  Under  each  of  these  conditions  the  iron  sep- 
arated out  into  definite  crystals.  We  have  had  data  pre- 
sented here  today  showing  that  the  iron,  instead  of  fluxing 
the  clay,  seems  to  have  acted  as  a  refractory  agent,  prevent- 
ing the  closing  of  the  pores.  The  effect  of  iron  on  the 
specific  gravity  seems  to  be  that  to  some  extent,  it  holds 
it  up,  if  it  does  not  increase  it.  The  same  proved  to  be 
true  with  lime  in  large  quantity.  Lime  in  small  quantities 
tends  to  decrease  the  densitv  of  clay  bv  fusion,  and  hence 
a  molecular  arrangement  of  the  fused  constituent,  and  also 
by  development  of  vesicular  structure,  but  in  excess  of 
seven  percent,  it  tends  to  increase  the  density  of  the  mass. 
This  is  new  to  me,  but  I  have  no  doubt  it  will  be  fruitful 
of  new  postulations  when  we  come  to  study  the  curves. 

It  has  been  noted  that  sand  added  to  shale  increased 


♦This  paper  was  not  read  nor  presented  in  its  entirety:  such  portion 
that  was  presented  was  given  extemporaneously  by  Mr.  Moore.  Those 
whose  discussed  the  paper  have  not  had  opportunity  to  see  it  as  it  appears 
above. — (Editor.) 
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its  toughness  when  made  into  the  form  of  brick  and  used 
as  a  paver.  Sandy  clays  are  as  a  rule  better  paving  mater- 
ials than  those  containing  no  sand;  and  sand — not  pure 
quartz — added  to  elaj'  increases  its  toughness.  You  cannot, 
however,  add  lake  or  glass  sand  and  expect  this  constancy 
in  specific  gravity ;  nor  can  you  expect  this  constancy  in  the 
I3orosity  changes  with  increasing  heat  treatment,  indicated 
by  the  curves  just  shown  to  us.  You  must  have  sand  which 
is  more  or  less  combined,  more  or  less  in  solid  solution,  as 
the  chemists  say,  in  order  to  have  this  steadiness  of  be- 
havior in  regard  to  fusion.  The  behavior  of  silica  in  de- 
creasing the  specific  gravity  without  causing  definite  flux- 
ing action  is  interesting.  When  a  quartz  crystal  expands 
on  heating  it  breaks,  molecularly,  and,  at  the  same  time, 
the  molecules  increase  in  volume.  Notwithstanding  the 
increased  contact  surface  that  follows  as  a  consequence  of 
this  increase  in  volume,  silica  did  not  appear,  in  these  ex- 
periments, to  act  as  a  flux. 

I  noticed  that  Cone  2  seemed  to  be  the  critical  point 
in  all  mixtures,  the  point  at  which  fusion  begins  to  progress 
most  rapidly.  So  Cones  2  and  3  can  be  said  to  be  quite 
critical  temperatures  for  most  clays,  if  not  for  all  clays 
and  mixtures. 

The  behavior  of  kaolin  when  added  to  shale  is  most 
interesting.  It  seems  to  cause  a  fluxing  action  in  small 
amounts  and  a  refractory  action  in  larger  amounts.  What 
is  a  flux?  We  have  been  used  to  classifying  the  bases,  lime, 
magnesia,  etc.,  as  fluxes.  We  classify  Cornwall  stone  and 
feldspar  as  fluxes,  and  clay  and  sand  as  refractories.  We 
have  an  instance  here  of  clay,  a  very  refractory  material, 
acting  as  a  flux  when  mixed  with  shale.  Honv  can  we 
harmonize  this  with  our  definition  of  a  flux?  It  seems  we 
ought  to  have  a  different  definition  from  that  we  have  been 
using. 
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BY 

Ross  C.  PrRDY^  Columbus,  Ohio. 

The  investigation  of  the  pyro-physical  behavior  of 
clays  reported  to  this  society  last  year  by  Mr  Jloore  and 
myself  is  an  illustration  of  a  fact,  to-wit,  that  no  single 
research,  even  though  comparatively  broad  and  thorough, 
can  be  said  to  be  exhaustive  or  complete.  In  a  laboratory 
course  in  Ceramics  at  the  Ohio  State  University,  under 
the  direction  of  Prof.  Orton,  students  made  porosity  and 
specific  gravity  determinations  on  burned  brickettes  by  the 
method  described  by  Mr.  Moore  and  myself.  In  all  in- 
stances, aside  from  the  flint  fire  clays,  there  was  a  close 
agreement  to  the  findings  reported  last  year.  These  ex- 
ceptional cases  constituted  evidence  which  is  not  contra- 
dictory lo  the  observations  previously  reported  but  rather, 
as  will  be  seen,  adds  to  and  broadens  our  general  consider- 
ations of  pyro-physical  behavior  of  clays. 

No  description  of  methods  of  testing  or  conditions 
attending  the  same  need  be  given,  except  that  the  plan  of 
procedure  described  last  year  was  faithfully  followed  in 
detail,  and  that  students  worked  in  pairs.  While  two 
students  worked  together  on  the  preparation,  burning  and 
testing  of  the  brickettes,  the  calculations  and  reports  were 
prepared  by  each  student  independently.  The  tests  here 
reported  were  the  third  of  the  same  kind  which  the  students 
made,  hence  considerable  reliance  can  be  placed  upon  the 
accuracy  and  general  quality  of  their  work. 

The  clays  which  differed  in  pyro-physical  behavior 
from  those  described  last  year  were: 

(1)  Olive  Hill  Flint' Fire  Clay,  tested  by  A.  T.  Malm 
and  K.  Takahaski. 

(2)  Mineral  Citv  Flint  Fire  Clav,  tested  bv  J.  D. 
Whitmer  and  J.  M.  Knote. 
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(3)  Jackson  County  Flint  Fire  Clay,  tested  by  C.  R. 
Cooper  and  H.  E.  Coran. 

(4)  Portsmouth  Flint  Fire  Clay,  tested  by  W.  H. 
Dittoe  and  W.  H.  Artz. 

OLIVE  HILL  FLINT  FIRE  CLAY. 

This  is  a  oharaeteristically  grey-colored,  hard  flint 
clay  with  conchoidal  fracture,  not  plastic  when  dry  ground 
and  having  but  very  little  plasticity  when  wet  ground. 
Drying  shrinkage  averaged  3.2%. 

PROPERTIES    WHEN    BURNED. 

Hardness.  Brickettes  drawn  prior  to  receiving  Cone 
08  heat  treatment  were  easily  crumbled  with  the  fingers. 
Progressively  increased  hardness,  however,  was  obtained 
with  increased  heat  treatment  until  at  Cone  10  they  re- 
sisted knife  scratching  fairly  well. 

Shrinkage.  Up  to  Cone  010  the  fire  shrinkage  in- 
creased to  i^cj  but  from  Cone  010  to  Cone  1  there  was  an 
increase  of  only  1%,  making  a  total  of  5%  at  Cone  1.  From 
Cone  1  to  Cone  11  the  fire  shrinkage  increased  quite  stead- 
ily from  5  to  9%. 

Figure  1  shows  the  fire  shrinkage  in  curve  form. 

Porositi/  and  Speific  Gravity  Changes.  In  figures*  2 
and  3  are  shown  the  porosity  and  specific  gravity  changes 
produced  by  various  intensities  of  heat  treatment.  The 
porosity  changes  are  what  would  be  expected  from  a  No.  1 
fire  clay.  The  steady,  even  though  slight,  incTease  in 
specific  gravity  of  the  solid  material^  in  the  brickettes  from 
Cone  010  to  10  instead  of  a  decrease  as  noted  in  the  plastic 
No.  1  fire  clays  reported  last  year,  is  noteworthy. 

Without  attempting  to  discuss  the  curves  in  figures  1, 
2  and  3,  the  data  were  recasted^  into  terms  of  volumes,  as 
will  be  explained.  The  aim  in  recasting  the  usual  linear 
data  was  to  be  able  to  combine  them  on  a  volume  chart, 

^Drawn  by  the  students  who  made  the  tests. 

*The   specific   gravity  here   referred   to   is   that   of   the   portion   of   a 
saturated  brickette  not  occupied  by  the  water. 
'By  the  present  writer. 
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thus  showing  more  clearly  the  significance  of  the  changes 
induced  by  increasing  intensity  of  heat  treatment. 

Since  we  have  not  the  true  specific  gravity  of  the 
solid  material  in  the  brickettes,  it  will  be  impossible  to 
show  the  volume  of  the  vesicular  pores.  If  such  data  were 
at  hand  the  volume  of  the  vesicular  pores  relative  to  the 
volume  of  the  impervious  solid  portion  of  the  brickette 


)(I-P)   w 


here 


T 

T  is  the  true  and  A  the  aparent  specific  gravity,  and  P  the 
volume  of  open  pores  per  unit  volume  of  brickette. 

In  order  to  show  the  cubical  shrinkage  suffered  by 
each  brickette  it  is  necessarv  to  have  the  volume  of  the 
brickette  just  prior  to  burning,  i.  e.,  when  in  the  dry  un- 
burned  condition.  Such  data  are  not  at  hand,  but  since 
we  have  the  saturated  and  suspended  weights  in  each  case, 
we  can  calculate  their  volume  when  burned  and  then,  with 
the  shrinkage  data,  calculate  'back  to  the  dry  unburned 
volumes.  This  necessitates  the  conversion  of  the  linear 
into  cubical  shrinkage. 
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If  we  had  a  cube  of  a  solid,  of  which  the  coeflScient  of 
linear  shrinkage  was  "a,"  and  each  edge  of  which  measured 
1  centimeter,  the  length  of  each  edge  would  become,  after 
shrinking,  1 — a;  hence  the  volume  would  become  (1 — ^a)^ 
or  I — 3a+3a^ — a^.  Since  the  original  volume  equaled 
unity,  the  amount  of  cubical  shrinkage  per  unit  volume  or, 
as  it  is  known,  the  coeflBcient  of  volume  shrinkage,  would 
be  3a — 3a^+3a''^.  Therefore  if  the  shrinkage  per  100  units 
linear  lengtli  is  3.2,  the  amount  of  shrinkage  per  unit 
length  would  be  3.2-lOOdts.  or  0.032  units.  This  converted  to 
cubical  shrinkage  would  be,  according  to  the  above  formula 
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3(.032)  — 3(.032)2+  (.032)^  or  0.096— 0.00306+.00003\ 
which  is  e(iiial  to  0.093,  or  in  terms  of  percents,  9.3. 

The  percentage  cubical  lire  shrinkage  as  calculated 
from  the  linear  data  for  this  dav  is  given  in  column  8  of 
the  following  table. 

If  F  is  the  cubical  fire  shrinkage  per  unit  volume,  the 
dry  unburne<l  volume  would  be  (W — S)  (1+F)  where  W 
and  S  are  respectively  the  saturated  and  suspended  weights 
of  the  burned  brickettes.  Results  of  such  calculations  are 
shown  in  the  ninth  column  of  the  following  table: 


*It  is  obvious  that  when  the  value  of  "a'*  is  small  the  tliird  term  in 
this  conversion  formula  may  be  omitted.  The  second  term  (3a')  however 
should  never  be  omitted.  This  last  statement  is  at  variance  with  opinion 
of  W.  Jackson.     (Text  Book  on  Ceramic  Calculations,  p.  5.) 


A.  c.  s.— 18 
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TABLE  I. 
Data  Obtained  on  Burned  Bricketies  made  from  Olive  Hill  Flint  Fire  Clay. 


1 

No. 


I 
2 

3 

4 

5 
6 

7 
8 

9 

ID 
II 
12 

13 

14 
15 
i6 


Cone  I  Dry  Wt.   ;  Sat.    Wt.     Sua.  Wt.     Apparent 
'  I  Specific 

'  I  (Jravity 


010 

o6 
04 

02 
I 

3 

5 

7 

9 
II 

13 
13 


Porosity 


8 

%  Linear 

Fire 

Stirink 


44.68 

37.14 
41.02 

44.10 

39.57 
42.02 

35.43 
36.18 

39.82 
38.05 
40.97 
42.99 
47.41 
32.99 
41-74 
30.05 


51.96 
4324 
47.71 
51.49 
45.59 
48.54 
40.51 
41.57 
45.64 

42.40 

44.53 
46.66 

51.20 

35.55 
44.87 

32.36 


Calulated 

9{  Cubical 

Fire  Shrink 


10 

Cakrulated 

Volume  of 

Uu  burned 

Bricketts 


26.78 

2.50 

28.91 

I.O 

2.97 

22.40 

2.52 

29.27 

2.0 

5.88 

24.64 

2.50 

:?9.oo 

1.5 

4.43 

26.80 

2.55 

29.93 

2.5 

7.31 

24.98 

2.71 

29 .  21 

4.0 

11.52 

26.55 

2.71 

29.65 

4.0 

11.52 

22.39 

2.72 

28.04 

5.0 

14-25 

22.94 

2.7:^ 

28.93 

4.5 

13.30+ 

25.14 

2.71 

28.39 

5.0 

14.25 

2/1.00 

2.71 

23.64 

6.5 

18.33 

24.91 

2.71 

18.15 

8.0 

22.08 

27.16 

2.72 

18.82 

8.5 

23.33 

30.12 

2.74 

17.98 

9.0 

24.57 

20.91 

2.73 

17.49 

9.0 

24.57 

26.51 

2.74 

17.05 

9.5 

25.79 

19.08 

2.74 

17.39 

9.0 

24.57 

25.93 

22.07 
24.08 
26.49 

22.97 

2A.^2 
20.66 
21.04 

23.37 
21.71 

23.91 
23.98 
26.16 

18.14 

23.13 
16.6 


Having  thus  calculated  the  dry  unburned  volume  ( V), 
the  volume  data  can  now  be  reduced  to  parts  of  100  unit 
volumes  of  dry  unburned  brickette  by  multiplying  each  by 

the  factor      ^   .     Data  given  in  columns  4,  5  and  6,  of  the 

following  table,  were  so  calculated.  Data  in  columns  5 
and  6  should,  when  added  together,  equal  the  data  given  in 
column  4.^ 

In  column  7  is  shown  the  cubical  shrinkage  data  cal- 
culated as  before  described.  If  the  brickcttes  had  been 
completely  saturated  so  as  to  have  correct  volume  data  for 
the  open  pore  and  impermeable  solid,  data  in  columns  5,  6 
and  7  should  total  100.  In  column  8  is  given  the  totals 
obtained  in  this  experiment.  It  will  be  noted  that  the 
error  increases  as  the  brickettes  become  less  porous.  The 
less  porous  the  brick  the  more  diflficult  is  it  to  obtain  com- 

^This  is  obvious  from  the  equation  (D — S^  +  (\V — D)=W — S.  Slight 
variance  from  this  as  shown  in  the  table  is  due  to  error  incident  to  sh'de 
rule  calculations. 
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plete  saturation,  and  the  diflFerence  between  the  totals 
given  (column  8)  and  100  is  considered  as  a  measure  of 
the  incompleteness  of  saturation. 

TABLE  II. 

Showing  (4)  volume  of  burned  brickette;  (5)  volume  of  impervious 
solid  portion;  (6)  volume  of  open  pores;  in  terms  of  lOO  volumes  of  dry 
unburned  brickettes. 


No. 


I 
2 

3 

4 

6 

7 
8 

9 

10 

II 

12 

13 
14 
15 
i6 


Heat 
Treatmenti 


76o°C 

830"  C 

840°C 

9i2°C 

cone 

010 

06 

04 
02 

I 
3 

,■) 

7 

9 

II 

13 
13 


Valur  of 
V 


3.86 
4.54 
4.15 
3.78 

4.36 
4.07 

4-85 

4.75 

4.3 

4.6 

4.18 

4.17 
3.83 

5.5 

4-3 
6.05 


4 


1% 

IS  > 

"a  i;     ^ 


(A 

I 


97.5 

94.5 
96.0 

93.4 

90.2 
89.5 

88.0 

88.5 
88.1 

84.5 
82.1 

81.5 
81.0 

80.8 

78.8 

So,  5 


5 


(A 


0.2 


8 


:> 


•Si  H 


69.0 

28.1 

67.0 

27.7 

68.0 

27.7 

65.2 

28.0 

63.8 

26,4 

63.0 

26.6 

63.5 

24.6 

63.0 

25.6 

63.1 

25.0 

64.8 

20.0 

67.0 

14.9 

66.0 

15.0 

66.0 

14.5 

66.5 

14. 1 

65.8 

13.2 

66.5 

14.0 

7 

8 

Cubical 

Sum  of  Data 

ShrinluiKe 

in  Coiumni 

$.  6  and  7 

2.97 

100.07 

5.88 

100.6 

4-43 

too. I 

731 

100.5 

11.52 

101.7 

XI. 52 

lOI.I 

14.25 

102.4 

13.30 

101.9 

14.25 

102.4 

18.33 

103. 1 

22.08    . 

104.0 

23-33 

104.0 

24.57 

105. 1 

24.57 

105.2 

25.79 

104.8 

24.57 

104.6 

The  volume  values  given  in  Table  II  are  shown  graphi- 
cally in  Figure  4.  The  ordinates  are  parts  per  100  unit 
volumes  of  the  brickettes  prior  to  burning,  and  the  abscis- 
sae are  heat  treatment.^ 


*The  full  ordinate  length  AC=volume  of  dry  unburned  brickette. 

Ordinate  lengths  FC  and  ID=to    volumes    of    impervious    solid    in 
burned  brickettes. 

Ordinate  lengths  EF  and  GI=to    volumes   of   open   pores   in   burned 
brickettes. 

Ordinate  lengths  AE  and  BG=^cubical   fire  shrinkage. 

Ordinate  length  GH:=error  -introduced  by  incomplete  saturation,  etc. 


B  OF  FLINT  Fmr  r 


I-  P 


oi 
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Since  the  ordinate  distances  between  the  curves  shown 
on  the  chart  are  equivalent  respectively  to  the  volumes  of 
the  impervious  solid,  oi>en  pores  and  loss  due  to  shrinkage, 
the  simultaneous  volume  changes  due  to  increasing  heat 
treatment  can  be  readily  followed: 

PORTSMOUTH  FLINT  FIRE  CLAY. 


No. 


I 

2 

3 
4 

5 
6 

7 
8 

9 

10 

II 

12 

13 
14 
15 
i6 


760 
830 
840 
912 
oib 
06 

04 
02 

I 

3 
5 
7 
9 
II 

14 
14 


Cone  Dpr 

Weight 


Sat. 
Weifht 


54.66  63.00 

54.05  61.12 

63.20  7^.65 

53.55  61.48 

56.73  65.59 

56.22  64.65 

55.92  64.02 

56.69  64.95 

68.52  78.30 

65.16  73.45 

43.19  47.67 

56.50  ;  61.85 

39-31  I  ^2.86 

63.70  I  69.05 

46.45  i  50.51 

41. S3  !  45.48 


Sus. 
Weight 


SpeclBc 
Gravity 


Porosity 


.  Calculated 
Unear    '        9i 
Fire      ,    Cubical 
Shrinkage'      Fire 

Shrinkage 


Calculi'd 
Volume 

i       °' 
lUnb'mel 

Brickett^a 


32.10 

2.42 

26.99 

2.22 

6.45 

31.55 

2.40 

23.91 

2.22 

6.45 

37.49 

2.46 

26.88 

2.22 

6.45 

31-97 

2.48 

26.87 

2.78 

8.10 

35.12 

2.63 

29.07 

4.44 

12.60 

35.19 

2.67 

28.61 

5.00 

14.25 

35.08 

2.68 

27.98 

5.00 

14-25 

35.56 

2.68 

28.10 

5.00 

14.25 

43.25 

2.71 

27.90 

5.00 

14.25 

40.58 

2.65 

25.22 

6. II 

17.18 

26.66 

2.61 

21.32 

7-50 

20.04 
22.38 

35.24 

2.66 

20.10 

8.12 

24.72 

2.69 

19.57 

8.75 

23.95 

40.09 

2.70 

18.47 

8.75 

23.95 

29.19 

2.69 

19.04 

8.75 

23.95 

26.03 

2.65 

18.76 

8.75 

23.95 

33-0 
31 -6 
37-5 
31.9 
34-2 
33.8 


I 
6 

5 
5 
3 


33 

34 

40 

38 

25 

32.5 

22.5 

35.9 
26.4 

24.2 


Data  and  curves  for  the  Portsmouth  Flint  Fir(^  Clay 
are  also  presente<l.  From  the  curves  and  volume  chart  it 
is  plain  that  these  two  flint  fire  clays  have  pyro-physical 
properties  that  are  very  much  alike.  Indeed,  tlie  same  is 
true  for  all  the  four  flint  clays  tested,  making  intrwluction 
of  their  data  superfluous. 

The  most  important  fact  to  be  noted  from  these  vol- 
ume charts  is  that,  notwithstanding  that  there  is  a  slight 
increase,  rather  than  decrease,  in  specific  gravity  from 
Cone  1  to  11,  there  is  an  actual  swelling  of  the  impermeable 
solid  portion.  This  increase  in  volume  of  the  solid  portion 
was  noted  in  every  clay  reported  last  year.  In  those  clays 
and  all  other  clays  since  tested  there  was  accompanying 
this  swelling  of  the  solid  portion,  a  very  decided  decrease 
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in  specific  gravity.  Why,  in  the  flint  fire  clays  there  is  an 
increase  in  specific  gravity  coincident  with  increase  in 
volume  of  the  impermeable  solid  portion,  rather  than  a 
decrease,  is  only  one  more  puzzling  phenomenon  added  to 
the  already  long  list  of  peculiarities  of  this  clay. 

PORTSMOUTH  FLINT  FIRE  CLAY. 


No. 


I 
2 

3 
4 
5 
6 

7 
8 

9 

10 

II 

12 

13 
14 
15 
i6 


760 
830 
840 
912 
010 
06 

04 
02 

I 

3 

5 

7 

9 
II 

14 
14 


3.03 

3.18 
2.67 

3.15 

2.93 
2.96 

3  03 
2.98 
2.46 
2.60 

3-95 
3.Qg 

4-45 
2.80 

3.80 
4.14 


ti  - 

•g  §  > 

BQ    ^ ■ 

i  I 


94.0 
94.0 
94.0 
93.0 
89.0 

87.3 
87.3 
87.3 
87.3 
85.3 
83.0 
82.0 
81.0 
81.0 
81.0 
81.0 


« 


^      Q 


§l> 


s 


Cubical 
Sbrinkaee 


Sue  of  data 

in  columns 

5-6-7 


68.6 

25.6 

6.45 

71.3 

22.5 

6.45 

68.7 

25.3 

6.45 

68.3 

25.0 

8.10 

63.6 

26.0 

12.60 

62.1 

25.0 

14.25 

63.0 

24.0 

14.25 

63.3 

24.6 

1425 

62.3 

243 

14.25 

63.0 

21.5 

17.18 

65.2 

17.5 

20.04 

65.8 

16.5 

22.38 

64.9 

15.8 

23.95 

66.0 

15.0 

23 -95 

65.7 

15.4 

23.95 

65. 5 

15. 1 

23.95 

100.6 
100.3 
100.4 
IOI.4 

102.2 
IOI.4 

IOI.3 
102.2 
100.9 
102.7 
102.7 
104.7 
104.7 
104.9 
107.0 

104.5 


The  fact  also  that  the  flint  fire  clavs  do  not  behave 
differently  from  other  highly  refractory  clays,  in  that  they 
show  evidence  of  fusion  at  about  Cone  3  with  an  attending 
swelling  of  the  solid  portion  of  the  brick,  is  taken  that  this 
type  of  clay  differs  from  other  types  only  in  the  matter  of 
their  unexplainable  increase  in  specific  gravity. 

As  previously  stated,  the  true  specific  gravity  of  the 
burned  material  was  not  determined,  hence  statements 
cannot  be  made  concerning  the  physical  changes  (in  con- 
sequent fusion)  which  caused  the  increase  in  volume  of 
the  solid  portion  of  the  brick.  If  formation  of  blob 
structure  was  the  sole  cause,  there  should  have  been  a  de- 
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crease  in  apparent  density.  If  the  observed  increase  in 
apparent  density  was  due  to  molecular  condensation,  then 
we  should  have  had  a  decrease  in  volume.  Let  me  ask, 
therefore,  in  closing,  have  we  in  flint  firt'i  clays  a  case 
where,  if  bleb  structure  were  not  developed,  there  would 
be  an  enormous  (i.  e.,  very  extraordinary)  increase  in 
density  due  to  molecular  condensation;  and,  in  the  case 
above  cited,  is  the  swelling  of  the  body,  due  to  bleb  struc- 
ture sufficient  to  counteract  the  affect  of  molecular  conden- 
sation volumetrically  but  not  gravimetrically?  It  will  be 
of  interest  in  such  cases  to  haVe  true  specific  gravity  data 
in  conjunction  with  the  apparent  specific  gravity  and  vol- 
ume data. 
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DISCUSSION. 

The  Chair:  This  paper  is  open  for  discussion,  and  we 
would  like  to  hear  it  quite  fully  discussed.  Of  course,  it  is 
a  comparatively  new  field,  yet  old.  The  fact  has  been 
known  but  it  has  never  been  used  like  Mr.  Purdy  used  it, 
and  it  seems  to  me  a  very  important  field.  There  is  no 
question  but  that  we  must  know  more  about  those  reactions 
which  are  taking  place  during  vitrification,  and  this  is  one 
of  the  most  valuable  ways  of  getting  at  it. 

Mr,  Burt :  Is  this  series  based  on  wet  ground  or  dry 
ground  series? 

Mr.  Purdy :  These  were  flint  fire  clays,  and  they  had 
to  be  wet  ground  in  order  to  be  formed  into  brickettes. 

Mr.  Knote:  We  tried  at  first  to  drv-grind  the  clavs. 
The  problem  was  to  work  it  up  into  brickettes  on 
which  the  shrinkage  and  other  properties  could  be  meas- 
ured. It  was  put  in  a  wet  pan  and  ground  until  it  was 
possible  to  shape  it  up  into  brickettes  of  the  desired  shape. 
The  average  time  it  was  wet-gi'ound  was  about  half  an 
hour.    Some  were  ground  less  and  some  more. 

l^he  Chair:  Can  you  give  us  your  ideas  about  the 
peculiar  phenomena  observed  here? 

Mr.  Knote:  I  have  not  had  an  opportunity  to  make  a 
detailed  study  of  the  subject.  We  all  know  from  Professor 
Purdv's  bulletin  from  the  Universitv  of  Illinois  that  the 
specific  gravity  went  down  as  the  mass  got  smaller  or 
shrank.  But  in  this  case,  although  it  did  shrink,  the 
specific  gravity  went  up.  We  assumed  in  the  plastic  fire 
clays  that  a  vesicular  structure  had  been  formed.  In  this 
case  it  had  passed  through  the  vitrification  stage  without 
vesicular  structure  having  been  formed. 

The  Chair:  We  found  in  recent  experiments,  on  add- 
ing ferric  oxide  to  the  clay  we  got  peculiar  conditions — got 
a  condensation  where  we  did  not  expect  it. 


THE  ARRANGEMENT  OF  MANUFACTURING  AND 

SELUNG  COSTS. 

BY 

Ellis  D.  Gates,  Seattle,  Wash. 

Many  times  have  I  recalled  the  statement  made  in 
1899  by  our  worthy  instructor,  Professor  Edward  Orton, 
Jr.,  "The  ceramic  lines  are  in  the  same  relative  position 
that  the  steel  business  occupied  twenty  years  ago,^'  and 
observed  how  true  thus  prophecy  was  proving.  But  to 
attain  the  position  in  question  we  must  do  as  the  steel  men 
have  done;  namely,  make  our  products  better  and  cheaper, 
therebymaking  them  more  desirable  to  the  consumer  and 
enlarging  the  market  for  them. 

This  we  are  accomplishing  by  a  better  knowledge  of 
ceramics  and  the  growing  market  for  the  various  clay 
products.  But  the  accounting  has  been  done  in  many  in- 
stances in  a  haphazard  way,  which  in  other  lines  would 
have  been  suicidal. 

The  changes  in  business  in  the  last  decade  have  made 
a  reliable  Cost  Svstem  a  necessity.  The  various  ceramic 
lines  in  common  with  all  lines  of  manufacturing  business 
have  been,  as  it  were,  between  two  mill  stones — higher 
wages  and  higher  cost  of  both  raw  and  finished  materials 
on  one  side,  with  lower  selling  prices  on  the  other,  making 
it  imperative  that  the  actiml  cost  of  production  be  known, 
and  nuiking  the  space  between  the  two  sides,  which  repre- 
sents cost  and  profit,  smaller  each  year.  Thus  if  a  business 
is  to  be  run  at  a  profit  the  cost  of  production  must  be 
lowered.  This  can  only  be  accomplished  by  having  care- 
fully compiled  figures  arranged  to  give  the  information 
desired.  A  firm  having  no  reiord  of  costs  only  knows  at 
the  end  of  their  fiscal  year  that  they  have  made  or  lost 
money,  but  cannot  tell  where,  or  how  or  when. 
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Figures  taken  as  a  whole  do  not  tell  much  unless 
properly  arranged  and  compared,  and  if  costs  are  to  be 
reduced  it  is  necessary  that  they  be  so  subdivided  that  the 
owner,  manager  or  superintendent  can  tell  at  a  glance 
which  are  increasing  and  which  ones  are  most  likely  fields 
for  careful,  systematic  study  for  the  purpose  of  reduction 
of  costs. 

Some  cost  systems  fail  in  that  they  do  not  go  into 
detail  enough,  and  therefore  do  not  show  the  exact  point 
of  the  leak,  which  will  in  all  probabilify  be  easily  stopped 
once  it  is  located.  In  arranging  the  following  system  the 
writer  has  gone  into  only  enough  detail  to  show  the  cost 
in  each  operaticm  or  department.  His  experience  since 
entering  actively  into  the  ceramic  line  has  been  mostly  on 
the  business  side,  and  he  has  therefore  given  more  attention 
to  managment  than  to  ceramics  proper.  He  hopes  that 
the  system  outlined  here  will  be  of  some  aid  in  lifting  the 
clay  working  lines  to  their  proper  place  in  business,  and  in 
leading  to  a  better  understanding  of  the  collection  and 
arrangement  of  figures  and  costs. 

This  system  has  been  in  ojK^ration  the  past  year  witli 
good  results,  in  a  terra  cotta  plant,  but  as  the  basic  prin- 
ciple's of  all  lines  of  business  are  identical,  it  can  be  adapted 
to  almost  any  manufacturing  business.  In  using  this  sys- 
tem a  unit  of  measure  must  be  decided  upon,  on  which  the 
cost  can  be  determined.  This  unit  may  be  cubit  foot,  ton, 
dollar  value,  or  a  certain  number  of  the  article  manufac- 
tured. 

Many  firms  take  the  production  per  month  of  one 
dejiartment  and  use  that  as  a  basis  in  calculating  the  cost 
in  other  departments.  This  is  obviously  wrong,  as  some 
other  department  may  produce  twice  as  much  in  the  month 
as  the  department  selected  as  a  basis.  In  this  system  I 
therefore  calculate  the  cost  in  each  department  by  using 
the  number  of  units  actually  processed  in  that  department, 
each  week  or  month,  and  the  result  is  therefore  actual  and 
accurate. 
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Chart  No.  1*  is  the  form  used  for  the  final  cost  sheet, 
omitting  of  course,  the  explanatory  diagram  at  the  left 
side  of  the  sheet. 

CHART  I. 
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Cutting 

Drying    
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Drawing    
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Total  Cost 


I     I 


♦For  reference  see  A.  H.  Revell  in  "Cost  of  Production 
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The  first  division,  as  you  will  note,  divides  the  Total 
Cost  into  Factory  Cost  and  Selling  Cost,  which  must  be 
considered  separately,  as  each  is  independent  of  the  other. 

Factory  Cost  Factory  Cost  is  composed  of  Prime 
Cost  and  Burden,  which  must  be  kept  distinct,  as  Prime 
represents  the  necessai*y  expenses  of  material  and  labor, 
while  Burden  covers  those  which  go  to  make  up  the  "load" 
or  "burden"  a  business  has  to  carrv. 

Prime  Cost,  The  divisions  of  Material  and  Labor  un- 
der Prime  are  easily  decided  upon,  as  Material  covers  all 
clay,  coals  to  kilns  (but  not  for  boilers,  which  should  be 
placed  under  Burden)  and  supplies  of  all  kinds.  The  cost 
of  the  materials  may  include  labor  necessary  to  place  the 
material  in  the  store  house  or  bunker,  or  to  unload,  but  it 
is  better  practice  to  consider  that  under  Indirect  Labor, 
so  that  these  costs  nmy  be  kept  down  to  the  minimum. 

Labor.  Labor  should  include  all  labor  in  different 
departments  or  operations  through  which  the  product 
passes — the  more  it  is  subdivided  the  better  one  can  see 
where  the  costs  increase  or  decrease  from  month  to  month. 

On  point  recjuiring  special  stress  is  the  distribution  of 
Direct  Labor  and  Indirect  Labor — one  being  found  under 
Labor  and  one  under  Burden.  Most  authorities  define  them 
about  as  follows : 

Direct  Labor  is  all  labor  which  havS  to  do  with  actually 
processing  the  material  itself. 

Indirect  Labor  is  labor  which  does  not  directly  process 
material  and  is  therefore  chargeable  to  Burden,  under  one 
or  more  of  its  subheads.  You  will  readily  see  that  Indirect 
Labor  must  be  given  a  close  and  careful  scrutiny,  as  it  is 
a  great  factor  in  increased  costs. 

The  total  of  Material  Cost  and  Labor  Cost  make  up 
Prime  Cost. 

Burden.  Burden  covers  Upkeep  or  Repairs,  Power, 
Heat,  Light,  Etc.,  Rent  and  Taxes  on  plant.  Insurance,  De- 
preciation and  Indirect  Labor,  which  last  may  be  subdi- 
vided for  different  kinds  of  indirect  labor. 

All  of  these  items  represent  "Overhead  Expenses," 
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"Fixed  Charges"  or  "Gravestones,"  as  they  are  variously 
called,  and  all  need  to  be  kept  at  the  lowest  possible  point. 
The  arrangement  permits  of  tlieir  being  considered  alone, 
which  is  of  itself  a  great  aid  in  cost  lowering. 

The  total  of  Prime  Cost  and  Burden  shows  the  Factory 
Cost. 

Selling  Expense.  Selling  expense  is  the  last  but  fully 
as  important  as  any.  It  should  cover  all  expenses  of  the 
business  outside  Factory  Expenses,  and  should  be  subdi- 
vided into  enough  departments  or  parts  to  give  the  desired 
information  about  the  selling  expenses.  For  example, 
Office,  Stationery,  Printing,  Salesmen,  Estimates,  Adver- 
tising, Traveling,  Freight,  Legal,  Etc. 

The  total  of  Factory  Cost  and  Selling  Cost  give  total 
cost,  and  fixes  the  price  below  which  you  cannot  go  without 
losing  money.  When  a  competitor  sells  goods  below  your 
Total  CoHt  you  may  be  sure  that  he  is  either  doing  business 
at  a  loss,  or  has  better  methofls  and  lower  costs  than  vou 
have,  leaving  it  for  you  to  investigate  and  lower  your  own 
costs  if  possible. 

This  will  explain  Chart  I  fully  I  believe. 

If  the  proper  unit  is  selected,  the  system  carefully 
followed  and  adapted  to  the  individual  business,  and  care 
used  to  assure  reliable  records  (not  e^^timates)  of  produc- 
tion, any  nmn  may  have  the  exact  cost  in  each  part  of  his 
business,  thereby  knowing  what  he  can  do  and  what  he 
cannot  do,  avoiding  loss  and  keeping  the  efficiency  of  his 
plant  and  business  up  to  the  highest  po?»sible  point. 

The  charts  numbered  two,  three  and  four  are  some  of 
those  used  in  conipiling  the  costs  in  a  terra  cotta  plant. 
Thev  can  easilv  be  worked  out  for  anv  line  of  business  and 
arranged  so  that  they  will  give  the  daily  or  wekly  report 
of  produ(*ti()n  in  each  dei)artment.  I  believe  a  few  words 
will  explain  the  use  of  each  and  show  the  method  followed. 

The  unit  selected  in  this  particular  case  was  a  cubic 
foot. 

Chart  No.  2  is  the  Distribution  Sheet.  One  of  these 
is  nmde  up  daily  and  is  a  summary  of  tlie  Daily  Reports 
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CHART  II. 
Difltrlbutioa  Sheet   for 


19. . . . 


No. 


Clav  Mixing 


.Kiln  Fuel     i  Draughting     MoDBiJiAMou 


Rate    ,    Hrs. 


Toul 


Cu.  ft. 


Coat      Cu.  ft.  I    Coft    I  Cu.  ft.^    Cost 


Cu.  ft. 


Cot 


I 
2 


(showing  left  end  of  sheet) 


and  time  cards  arranged  by  departments.  These  are  in 
turn  summarized  for  the  month  on  a  similar  sheet  and  the 
monthly  totals  transferred  to  the  Cost  Sheet  (Chart  1), 
and  the  cost  per  unit  calculated. 

After  the  cost  per  unit  is  found  the  percentage  of  each 
Unit  Cost  and  Total  C<KSt  is  calculated,  taking  the  Total 
Cost  as  lOO^f .  This  gives  an  entirely  different  figure  and 
serves  as  a  check  on  corresponding  departments  for  dif- 
ferent months,  as  for  example,  the  Department  of  Pressing 
is  5%  of  the  total  in  April  while  it  was  iV/c  in  Marcli.  The 
percent  may  also  be  calculated  on  the  basis  of  the  Total 
Cost  in  Material,  Labor  or  Burden,  or  Total  Factory  Cost 
may  be  used  as  100%  in  all  departments  under  that  head- 
ing, and  Total  Selling  (^ost  be  used  as  the  basis  for  all 
selling  cost  dei)artments.  The  figures  thus  accumulated 
are  easilv  obtained,  and  while  thev  show  much  in  one 
month  they  become  more  valuable  as  they  increase  in  num- 
ber, and  being  systenmticall.y  arranged,  they  shoA\  actual 
results  from  which  detailed  information  can  be  obtained. 

By  charting  these  figures  as  sliown  on  Chart  No.  V,  a 
manager  or  superintendent  can  have  daily  or  weekly  infor- 
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matioii  before  him,  and  see  at  a  glance  exactly  how  the 
business  is  running. 

This  method  of  illustrating  figures  is  rapidly  growing 
in  use,  and  once  used  it  is  sure  to  be  adopted,  as  all  sorts 
of  information  can  be  charted,  and  curves  made  which  will 
show  instantly  the  comparisons  needed  without  having  to 
note  the  exact  figures. 


Kiln  No.. 
Page  Xo. 


CHART  III. 

Daily  SctUog  Report. 

Date  Set    

Amt.  of  Kiln  Filled, 


Okdkr  No. 


Mark 


Pieces  Set. 


Total  Pc;*.    i     Total  cu.  ft. 


I 
1 

I 

1 

1 

■« 

-<■ 

^f^^^\ 

h^ 

^^^^^^^^^^^^^^^^^^^^^^^^^^^y 


^^^^^^m^^^^^^^^^i^^^a^^^a^^^^^^m^^^^^^^^^^a^^^^^^^^^^^^^^^^^^a^^^ 


\  1 

I 


Slip  used. 


Galls 


!     1     1 

i     I     ( 


Order 


Cost 


Tctal  Cu.  Ft. 


Total   Forwarded 
Total  in  Kiln 


Percent  of  Kiln  Filled, 


Hrs.  Today 
Hrs.  Ford.. 
Total  Hrs. 


Foreman. 
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CHART  IV. 
Daily  Plaster  Shop  Report. 

Date.. 


Plaster  Used 


Iron  Uied 


Templates  Made 


Moulds  Completed 
Order  No.  Mark 


For  Pes. 


Total  cu.  ft. 


^^^t^^^^^^^^^^S     ^^^^^^^^^^^^^^^^^^^ 


v^^^^^^^^^^^^^^^^^^^^^^^^^^p^^^^^^^ 


^^^^^^ 


^^^^^^^^^"^^'^ta 


No.  Men 

No.  Hrs 

Foreman. 

Ill  oonclusiou  tlie  writer  wislies  to  sav  that  this  system 
represents  much  work  and  study  on  his  part,  and  he  only 
hopes  that  it  may  prove  of  some  use  to  another  strugjijling 
clay  worker,  and  serve  to  brinf»:  out  otlier  opinions  and 
experiences  in  this  much  needed  branch  of  the  clay  busi- 
ness. 

While  this  system  may  ai)pear  difficult  to  handle  at 
first  you  will  be  sur|)rised  to  find  how  easily  all  the  fi«i:ures 
can  be  obtained.  The  Avriter  in  using  it  in  a  terra  cotta 
plant,  which  is  about  as  difficult  as  business  to  systematize 
as  one  could  imagine,  found  that  he  could  keep  the  reports 
figured  up  himself  without  interfering  with  his  regular 
duties. 

This  system  is  not  wholly  original  but  is  the  adaption 
of  several  systems  used  in  different  lines,  taking  the  best 
featur(*s  from  each,  and  arranging  them  in  such  a  manner 
that  they  will  yield  the  greatx^st  possible  amount  of  infor- 
mation. 


THE  VISCOSITY  OF  CLAY  SLIPS. 

BY 

A.  V.  Bleimnger,  Champaign,  Illinois. 

The  plasticity  of  daw  is  still  a  quality  whose  physical 
definition  haw  not  yet  lK»en  established,  thoutfh  many  at- 
tempts have  been  made  to  do  so.  All  li^e  can  do  at  present 
is  to  continue  the  search  for  some  criterion  which  bears 
some  relaticm  to  this  elusive  property.  Up  to  the  present 
such  properties  of  the  clay  as  the  tensile  strength,  both 
green  and  dry,  its  deformation,  crushing  strength  in  the 
gr(H*n  state,  and  also  recently  the  viscosity  imparted  to 
suspensions  of  clay  particles  have  been  studied.  This  last 
property  is  promising  inasmuch  as  it  produces  a  phenome- 
non which  is  clearly  not  shared  by  non-plastic  materials. 
In  fact,  it  mif/ht  he  sai(l  that  clat/s  arc  rorfcs  irhirlt  irhcn 
pulrcrhcd  and  suspended  in  water  produce  a  decided  in- 
crease in  riscositif} 

This  viscosity  is  capable  of  being  expressed  numeri- 
cally with  a  degree  of  accuracy  which  is  superior  to  that  of 
anv  of  the  methods  mentioned  above. 

Simonis^  has  measured  the  viscosity  by  determining 
the  volume  of  a  clay-slip  flowing  thnnigh  an  aperture  of 
2  mm.,  under  ccmstant  pressure,  in  a  given  time.  A  mar- 
iotte  flask  was  used  to  nmintain  c(mstant  pressure  in  the 
burette  containing  the  slip.  The  burette  was  first  stand- 
ardized with  water  and  the  relaticm  existing  between  the 
volume  flowing  from  the  tube  and  the  pressure  obtained. 
This  relation  is  evidently  v=kp,  where  v=volume  of  liipiid 
discharged  in  a  given  time,  p=pressure  of  the  liquid  or  its 
height  in  the  vessel,  and  k=coefficient  of  fluidity  or  the 

viscosity.    Solving  for  k  we  obtain  k=        If  now  the  pres- 
sures are  plotted  along  the  abscissa  and  the  volumes  es- 

*Sprechsaal,  1905,  597. 
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caping,  along  the  ordinate  we  obtain  for  ideal  liquids 

dv 

Straight  lines  where  r  is  equal  to  tlie  coefficient  of  fluidity 

represented  by  the  tangent  of  the  angle  made  by  the  line 
to  the  X  axis. 

In  the  case  of  clay  slips  Sinionis  found  the  relation  to 
be  not  so  simple  and  he  obtained  a«  the  functions  of  vol- 
ume and  pressure,  curves  of  higher  degree.  The  same  in- 
vestigator, having  found  considerable  difficulty  with  this 
method  in  working  thick  slips,  devised  a  second  method  for 
determining  the  coliesion  of  clay  slips  by  measuring  the 
weight  necessary  to  pull  away  a  5  cm.  glass  plate  from  the 
surface  of  the  liquid.  For  this  purpose  he  arranged  a  bal- 
ance, having  the  glass  disc  attached  at  one  end  of  the  beam 
and  a  scale  pan  at  the  other.  He  caused  very  fine  shot  to 
pour  onto  the  pan,  arranging  at  the  same  time  an  auto- 
matic shut-off  device.  Before  working  with  clay  slips  he 
determined  the  weight  necessary  to  pull  away  the  disc  from 
water.  Applying  the  test  to  clay  susijensians  and  noting 
the  weiffht  necessarv  to  release  the  disc  he  subtracted  from 
this  load  the  weight  required  to  pull  away  the  ghass  from 
water,  which  is  a  constant  factor.  In  this  way  the  cohesion 
value  of  the  clay  for  the  concentration  employed  was  de- 
termined. This  method  is  applicable  to  thick  slips  which 
fail  to  give  results  by  the  flow  method. 

There  are  faults  inherent  with  both  of  these  methods, 
the  flow  method  being  subject  to  iri^egularities  caused  by 
the  roughening  of  the  walls  of  the  vessel,  the  irregular 
stoppirg  up  of  the  aperture  and  other  difficulties  while  the 
disc  method  is  faulty  as  soon  as  even  the  slightest  settling 
takes  place. 

In  looking  about  for  a  method  whi(*h  perhaps  might 
overcome  some  of  these  difficulties  the  Coulomb  method,  as 
employed  in  the  determination  of  the  viscosity  of  oils,  was 
considereil  and  adopted.  Although  the  apparatus  as  de- 
signed is  not  suitable  for  tlii<*k  slips,  some  interesting 
results  were  obtainetl,  and  the  ease  and  accuracy  with 
which  the  viscosity  of  thin  slips  could  be  determined  makes 
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it  quite  suitable  for  certain  investigations.  It  has  afforded 
the  writer  a  delicate  means  of  distinguishing  clays  of  dif- 
ferent plasticity,  or  of  following  the  effects  of  electrolytes 
and  organic  substances  upon  the  physical  character  of  the 
clay  suspensions. 

The  apparatus  itself  is  exceedingly  simple,  the  disc  being 
suspended  from  a  steel  wire  11  ft.  6  in.  long,  and  allowed 
to  rotate  within  a  vessel  filled  with  the  clay  slip,  figure  1. 
At  the  center  of  the  brass  disc  filled  with  lead,  a  rod  pro- 
jects, provided  with  a  clamp  for  gripping  the  wire  firmly. 
An  aluminum  pointer  is  fastened  to  the  rod  which  swings 
over  a  circular  scale  around  the  rim  of  the  receptacle,  grad- 
uated in  degrees.  This  scale  is  made  out  of  paper  and  var- 
nished. The  weight  of  the  disc  is  1333  grams  and  the 
thickness  of  the  wire  0.85  mm. 

In  making  the  test  the  slip  is  first  thoroughly  stirred 
up  and  poured  into  tlie  vessel.  The  disc  is  then  turner! 
about  180°  by  means  of  the  pointer  and  released.  The  num- 
ber of  degrei\s  is  read  off  at  the  turning  point  of  the  vibra- 
tion so  that  the  amplitude  of  each  swing  in  the  siime  direc- 
tion it^  observed.  This  is  continued  until  several  readings 
have  been  taken.  The  disc  is  then  stopped  and  the  slip 
stirred  up  for  another  set  of  check  readings.  The  ratio  of 
the  amplitude  of  two  successive  swings  is  obtained  by  di- 
viding the  first  reading  into  the  second,  the  second  into  the 
third,  and  so  on.  This  ratio  is  a  constant  for  the  same  slij) 
at  the  same  temperature.  It  is  important  to  make  note  of 
the  temperature,  or  better  to  keep  it  constant,  since  the 
viscosity  of  the  water  itself  changes  with  change  in  tem- 
perature. 

The  time  of  periodic  vibration  is  ol>tained  by  taking 
the  total  of,  say,  ten  complete  vibrations  and  dividing  by 
20.  It  may  also  be  calculated  from  the  length  of  the  wire. 
For  the  apparatus  in  questicm  the  periodic  time  of  vibra- 
tion was  f(mnd  to  be  3.6  seconds,  thus  enabling  two  ob- 
servers to  make  tlie  readings  quite  readily. 

Knowing  the  i)eri(>d  of  oscillation  and  the  ratio  of  the 
amplitudes  we  can  calculate  the  viscosity  of  water  and  that 
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of  the  slips  to  be  compared  with  it.  In  this  work  the  vis- 
cosity of  water  is  always  used  as  the  standard,  and  hence 
the  viscosities  obtained  are  in  terms  of  the  viscosity  of 
water. 

Several  methods  of  calculation  might  be  employed, 
based  upon  the  laws  of  the  dampening  of  vibrations.  As- 
suming for  instance  tha't  the  ratio  of  the  amplitudes  is  0.8 
and  the  time  is  1.5  seconds  for  each  vibration,  we  obtain  as 
an  expression  for  the  viscosity  of  the  liquid : 

0.8=6-'  *''  or 
—log  0.8=1.5k  log  e. 

ThenK==l-;,*=0.15 

If  in  another  slip  the  ratio  of  the  amplitudes  is  found 
to  be  equal  to  0.7  and  solving  again  for  K  we  obtain  0.24. 
The  viscosities  of  the  two  licjuifls,  therefore,  are  to  each 
other  in  the  ratio  of  15 :  24.  A  somewhat  simpler  relation 
might  be  used  for  detennining  the  relative  though,  of 
course,  not  the  absolute  viscosities,  in  which 

yj=coefIicient  of  viscosity  of  one  liquid : 

ri=ratio  of  the  amplitudes  of  any  two  successive  os- 
cillations in  the  same  direction  in  the  same  liquid; 

Ti=peri(Kl  of  os<*illatic)n ; 

d,=dampening  constant. 

Similarly  let  Vg,  rg,  Tg  and  dg  be  the  corresponding 
values  for  the  sec<md  liquid.    We  have  then  the  relation 

d,     Tg  log  r,     Vj 

dg     Ti  log  Tg     Vo 

This  gives  us  K,  a  coefficient  of  specific  viscosity.  The 
standard  employed  is  distilled  water  whose  ratio  is  de- 
termined at  the  same  temperature  as  the  ratio  of  the  slips 
to  he  tested.  The  constant  for  water,  of  course,  differs  with 
different  apparatus.  In  the  experiments  carried  on  in  the 
apparatus  described  it  was  0.89. 

It  was  decided  to  make  viscosity  determinations  with 
three  kaolins  which  differ  widely  in  their  physical  behavior. 
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The  method  obviously  is  not  intended  for  clavs  which  are 
coarse-grained,  and  if  they  are  to  be  tested  in  this  way  the 
coarser  portion  must  be  screened  off.    The  three  clays  se- 
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lected  were  the  North  Carolina  kaolin,  Florida  kaolin,  ami 
the  Tennessee  ball  clay.  No.  7. 

The  clays  were  weighed  out,  the  moisture  factor  being 
allowed  for,  and  mixed  with  a  weighed  amount  of  distilled 
water.  The  mixing  was  done  in  a  small  gallon  porcelain 
ball  mill,  it  being  run  for  forty  minutes  in  each  case.  The 
heaviest  slip  employed  consisted  of  85%,  by  weight,  of 
water  and  15%  of  clay,  the  apparatus  not  being  able  to 
vibrate  in  thicker  slips.  The  15%  slip  was  at  first  blended 
with  a  1%  suspension  for  the  intermediate  compositions, 
but  later  the  heavier  slip  was  diluted  with  the  distilled 
water  alone.  The  blending  was  accomplished  by  simply 
stirring  in  a  pitcher.  In  Fig.  2  will  be  found  the  viscosity 
cunes  of  the  three  claj's  for  different  concentrations.  They 
were  the  average  of  30  determinations  in  each  case,  and  the 
readings  showed  a  variation  of  about  ±  2%.  It  will  be 
observed  that  at  first  the  viscosity  was  deoreaseil,  a  fact 
which  is  quite  interesting.  The  Florida  kaolin  occupies  a 
position  midway  between  the  North  Carolina  kaolin  and 
the  ball  clay,  but  nearer  to  the  kaolin  than  to  the  latter. 

Might  it  not  be  possible  that  by  this  or  other  viscosity 
measurements  we  shall  be  enabled  to  correlate  or  classifv 
our  plastic  clays?  The  practical  potters  constantly  call 
our  attention  to  the  fact  that  we  disregiard  the  physical 
properties  of  kaolins,  and  that  in  our  ceramic  scliools  we 
do  not  properly  discriminate  in  their  use  in  our  experi- 
ments. It  is  our  duty  therefore  to  employ  such  means  as 
these  to  help  them,  as  well  as  to  push  forward  our  knowl- 
edge of  the  elusive  properties  of  clays. 

As  has  been  said,  this  apparatus  is  very  delicate,  and 
such  things  as  the  use  of  hydrant  water  in  place  of  the 
distilled  will  cause  marked  changes  in  the  behavior  of  the 
clays.  This  naturally  leads  to  the  action  of  salts  like 
sodium  carbonate,  sodium  silicate,  etc.,  which  opens  up  a 
large  field  of  experimentation. 

The  work  is  to  be  continued  with  a  modified  apparatus 
which  it  is  intended  to  operate  in  heavier  slips. 


A  COMBINATION  GAS  AND  STEAM  POWER  PLANT- 

BY 

(jEORGK  N.  JEPP80N,  Worcester,  Mass. 

At  our  fall  meeting  in  1906  we  had  the  pleasure  of 
listening  to  a  lecture  by  Mr.  S.  S.  Wyer  on  producer  gas. 
The  writer  will  endeavor  to  add  a  few  notes  as  an  appendix 
to  the  discussion  which  took  place  at  that  time. 

Before  referring  to  the  gas  plant  proper,  I  wish  to  say 
a  few  words  regarding  the  problem  which  confronted  the 
Norton  Company,  Worcester,  3Iass.,  in  the  gpring  of  190(5. 

Our  power  plant  at  that  time  consisted  of  three  West- 
inghouse  compound  non-condensing  engine?*,  two  of  them 
being  200  H.  P.  belt-driven  and  one  250  H,  P.  direct-(*on- 
nected  to  a  150  K.  W.  generator.  Steam  was  generated  in 
two  vertical  Manning  tubular  boilers  and  two  Cahall  water 
tube  boilers.  Our  reason  for  running  tliese  engines  non- 
condensing  was  because  of  our  heating  problem,  a  number 
of  drj'  houses,  as  well  as  heating  our  plant  iu  winter  taking 
a  large  amount  of  steam,  and  it  being  our  belief  that  as 
long  as  we  were  using  all  our  exhaust  for  heating,  that  this 
plant  was  a  very  economical  one. 

We  were,  however,  getting  to  the  point  where  we  could 
not  use  all  the  exhaust,  and  were  also  in  neerl  of  more? 
power  in  our  works.  After  considering  this  watter  very 
carefully,  we  decided  to  supplement  the  steam  equipment 
with  a  bituminous  producer  gas  plant  and  engine  of  50i) 
H.  P.,  and  to  use  the  steam  engines  only  to  the  point  where 
all  the  exhaust  could  be  taken  care  of  for  heating. 

PLAN  OF   WORKS. 

A  plan  of  the  works  will  show  the  location  of  the 
power  house,  it  being  about  in  the  center  of  the  plant.  - 
Steam  for  heating  is  circulated  by  a  vacuum  system  and 
power  is  distributed  by  motors,  large  tools  being  direct 
driven  and  smaller  ones  by  the  group  system. 
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PLAN  OF  POWER  PLANT. 

From  the  plan  of  power  plant  it  will  be  noted  that  the 
boilers  and  gas  producers  are  brought  together  for  con- 
venience in  operating.  Coal  is  stored  on  both  sides  of  the 
building,  the  elevation  of  the  railroad  tracks  allowing 
dumping  directly  into  the  bins,  and  from  the  bins  the  fuel 
is  brought  by  a  narrow  gauge  track  into  the  power  house 
and  elevated  to  chutes  for  boilers  and  charging  floor  of 
producers  by  plunger  elevator  of  two  thousand  pounds 
capacity,  having  a  weighing  scale  incorporated  in  its  plat- 
form. 

•f  -- 

In  the  engine  room,  space  is  provided  for  another  gas 
engine  of  the  same  capacity  as  the  present  one,  piping  from 
the  gas  engine  to  holder  being  ample  for  1000  B.  H.  P. 

DESCRIPTION   OF   GAS   PLANT. 

The  plant  installed  contains  as  its  essential  features 
a  500  B.  H.  P.  Westinghouse  horizontal  fou^-cycle,  double- 
acting  engine  with  a  300  K.  W.  direct  generator  and  a 
bituminous  gas  generating  unit  of  the  intermittent  type, 
Loomis  &  Pettibone  make,  built  by  the  Power  &  Mining 
Machinery  Co.  The  producer  plant  consists  of  two  250 
H.  P.  downdraft  generators,  a  steam  boiler,  a  Root 
blower,  steani  driven,  and  wet  scrubber,  dry  scrubber  and 
a  holder  of  15000  cu.  ft.  capacity,  operated  according  to  the 
following  sketch. 

The  gas,  as  made,  passes  downward  through  an  iiican- 
descent  fuel  bed.  Any  tars  that  are  present  are  changed 
to  fixed  gases.  From  the  producers  the  gas  passes  through 
the  boiler,  where  the  initial  heat  of  the  gas  is  used  for 
generating  steam.  This  steam  is  used  for  making  water 
gas  and  for  running  the  exhauster.  Any  surplus  is  used  in 
the  heating  system.  From  the  boiler,  the  gas  passes 
through  the  wet  scrubber  to  the  drv  scrubber  and  then  to 
the  holder,  from  wlience  it  is  fed  to  the  engine  at  about 
four  inches  pressure. 
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FIRING  OF  PRODUCERS. 

The  producers,  after  cleaning,  are  first  charged  with 
coke,  thi«  fuel  being  the  best  and  cheapest  for  getting  the 
plant  into  operation  in  the  shortest  time  for  starting.  It  is 
our  practice  to  put  in  a  bed  of  coke  about  three  feet  thick, 
then  wood  on  top  of  that.  This  is  fired,  and  as  soon  as  the 
coke  ignites  we  immediately  begin  to  build  up  the  fires 
with  coal. 

During  the  day  coal  is  fed  as  required,  and  water  ga« 
is  made  during  half  a  minute  every  twenty  to  thirty  min- 
utes. This  water  gas  is  mixed  with  the  producer  gas  in 
the  holder.  The  making  of  water  gas  prevents  the  fires 
from  getting  too  hot  and  the  ash  from  clinkering.  From 
the  time  fires  are  started,  the  engine  can  be  running  in 
forty  minutes.  Week  days,  when  fires  are  banked  over 
night,  we  are  ready  to  start  in  twenty  minutes  from  the 
time  gas  making  begins,  the  holder  being  always  left 
charged  with  gas  when  gas  making  is  stopped. 

The  water  consumption  in  the  wet  scrubber  is  3000 
gal.  per  hour  or  6  gal.  per  B.  H.  P.  This  water,  after  per- 
forming its  work,  goes  to  waste.  It  is,  however,  passed 
through  a  settling  tank  which  contains  filters  stuffed  with 
excelsior,  which  collect  the  lampblack  in  suspension  and 
leave  the  water  clear.  This  lampblack  is  sold  at  l^/^c  per 
pound.    We  produce  200  lbs.  per  month. 

FUEL. 

Pocahontas  steam  coal,  or  a  grade  equal  to  it,  we  find 
to  be  the  most  economical  to  use.  Coal  that  is  high  in  ash 
or  that  clinkers  causes  more  frecjuent  cleaning,  which  is 
uneconomical  on  account  of  the  labor  required,  fuel  lost 
and  also  the  wear  and  tear  on  the  producer  walls.  With 
good  coal,  the  longest  period  we  have  gone  without  clean- 
ing is  two  weeks.  With  the  average  run,  we  clean  once  a 
week. 
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AVERAGE  ANALYSIS  OF  POCAHONTAS  COAL. 

Physical  Water 93 

Volatiie  Combustible  1 1 .21 

Fixed   Carbon    80.88 

Ash    6.98 

100.00 

AVERAGE  ANALYSIS  OF  PRODUCER  GAS. 

Carbon  Monoxide  (CO)    3.9 

Methane   (CH*)    23.8 

Hydrogen    ( Ha)    i .  i . 

Carbon  Dioxide   ( COa)    8.8 

Nitrogen  ( N2)   62 .4 

100.00 
DESC^RIPTION  OF  GAS  ENGINE. 

The  general  dimensions  of  the  engine  are  42'xl7'.  Its 
extreme  height  is  13'.  It  occupies  about  two  square  feet 
per  K.  W.  This  amply  provides  for  all  necessary  passages 
and  auxiliary  apparatus).  Stroke  is  33i/^'',  cylinder  diam- 
eter 221/2"  and  speed  150  R.  P.  M.  With  generators,  the 
weight  is  101  tons.  Ignition  is  by  two  independent  sys- 
tems, one  of  the  familiar  make  and  break,  operated  by  a 
lay  shaft  paralleling  the  cylinders,  the  other  a  magnetic 
system,  operated  through  the  medium  of  electro  magnets. 
Governor  control  is  at  the  inlet  valve,  where  the  propor- 
tioning of  gas  and  air  and  the  mixing  thereof  is  carried  out. 
Starting  is  by  compressed  air  at  240  lbs.  pressure  stored 
in  tanks  charged  by  electric  driven  compressor. 

LUBRICATION. 

The  cvlinders  are  lubricated  bv  force  feed  oilers,  and 
all  journals  and  bearings  by  a  gravity  system.  About  three 
gallons  of  cylinder  oil  and  about  ten  gallons  of  machine 
oil  are  used  per  week. 

WATER  COOLING. 

Piston  rods,  cylinders  and  exhaust  valves,  those  parts 
of  the  engine  which  are  subject  to  the  heat  of  combustion, 
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are  water  cooleifl.*-  We  use  five  gallons  of  water  per  B.  H.  P. 
per  hour.  This  water  is  raised  to  about  llO'^F.,  and  we  find 
that  if  this  type  of  engine  is  run  hotter,  we  have  trouble 
from  pre-iguition,  causing  back-firing.  This  water  is  used 
in  the  boilers  after  first  passing  through  a  so-called  "heat 
extractor,"  which  is  heated  by  the  return  water  from  the 
heating  system.  This  apparatus  raises  the  temperature  to 
175°  F. 

The  use  of  thi«  water  by  the  method  described  is  equal 
to  a  saving  of  10.4%  of  the  coal  used  for  the  steam  plant. 
The  return  water  from  the  heating  system  cannot  be  used 
for  boiler  feed  on  account  of  the  oil  which  it  contains,  due 
to  the  steam  engines. 

The  following  chart  represents  the  average  coal  per 
K.  W.  H.  and  j)er  E.  H.  P.  used  by  the  gas  plant  per 
month,  all  standby  losses  being  taken  into  account.  It  also 
shows  the  load  curve  in  K.  W.  hours  per  month : 

Power  is  measured  by  watt  meter,  readings  being 
taken  morning  and  evening  and  all  coke  and  coal  is 
weighed.  The  plant  is  run  ten  hours  per  day  with  half 
day  on  Saturday,  giving  a  36  hour  shut  down  over  Sunday. 

It  will  be  noted  that  June  shows  high  in  coal  con- 
sumption, this  being  due  to  the  tests  made  during  this 
month  by  the  Westinghouse  Machine  Company  on  the 
efficiency  of  the  engine.  In  September  we  had  an  unusually 
poor  run  of  coal.  December  shows  high  on  account  of  the 
works  running  on  short  time  and  the  engine  running  only 
to  70%  of  its  rating,  standby  losses  in  the  producer  plant 
being  necessarily  the  same  as  when  running  full  load.  Our 
average  coal  consumption  for  the  entire  year  per  E.  H.  P. 
was  1.6  lbs.  per  hour. 

ATTENDANCE. 

For  the  entire  plant,  we  have  one  chief  engineer,  one 
gas  engine  attendant,  one  ste<am  engine  attendant,  one  gas 
maker,  and  two  boiler  firemen.  It  takes  three  men  seven 
hours  each  at  the  weekly  cleaning  of  producers.  A  gas  fire- 
man during  the  week  could  easily  handle  a  1000  11.  P.  pro- 
ducer plant. 
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COST  OF  GAS  PLANT. 

The  cost  of  this  plant  per  B.  P.  H.,  including  electric 
generator,  producer  plant,  holder,  piping  and  erection, 
was  f84.43. 

COST  OF  POWER. 

Our  figures  show  that  we  can  produce  a  B.  H.  P.  per 
year  with  the  gas  plant  for  $30.00.  With  the  old  steam 
plant,  it  cost  us  $45.00.  This  is  for  ten  hours  a  day  for 
approximately  three  hundred  working  days  a  year.  These 
figures  include  coal,  labor,  supplies,  interest  on  investment, 
and  depreciation  of  plant. 

GENERAL  COMMENT. 

The  plant  has  given  us  no  more  trouble  than  a  steam 
plant  of  the  same  size.  Our  log  shows  that  from  Jan.  1, 
1907,  to  date,  we  have  shut  down  only  thirty- four  minutes, 
this  being  due  to  ignition  troubles  once,  poor  gas  once,  an<^ 
an  obstructed  cooling  pipe  once.  The  plant  is  not  offensive 
to  the  neighborhood,  and  noise  from  the  exhaust  is  no  more 
than  from  a  steam  engine  of  the  same  capacity.  The  ex- 
haust valves  have  been  ground  once  since  starting,  and 
will  probably  run  nine  months  without  grinding.  Inlet 
valves  were  examined  after  twelve  months'  run,  and  found 
in  good  condition  and  absolutely  needed  no  grinding.  A 
spare  set  of  ignitors  are  carried  and  those  in  use  are 
changed  once  a  week.  No  trouble  is  occasioned  in  starting, 
it  being  posisble  to  be  up  to  full  speed  in  as  short  a  time 
as  one-half  minute,  the  usual  method  of  starting  being  to 
run  on  air  for  six  or  eight  revolutions  before  turning  on 
the  gas. 

In  general,  from  our  experience  with  this  plant,  we 
believe  it  to  be  both  economical  and  dependable'. 

DISCUSSION. 

Mr.  Parker:  Did  I  understand  that  the  plant  is  run 
day  and  night?  I  would  like  to  ask  whether  they  bank 
the  fires  or  not  ? 
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Mr.  Griffin :  The  manufacturing  departments  run 
only  ten  hours  a  day.  When  the  engine  is  shut  down  at 
night,  the  producers  are  left  just  as  they  are  until  it  is 
time  to  start  up  the  following  morning,  no  coal  whatever 
being  used. 

Mr.  Parker:    You  are  using  live  steam  for  heating? 

Mr.  Griffin  :  Live  steam  is  used  only  when  steam  en- 
gines are  shut  down. 

Mr.  Parker:  I  will  ask  whether  the  economy  from 
this  system  would  apply  to  a  brick  plant  where  continued 
heating?  has  to  go  on? 

Mr.  Griffin :  From  our  experience,  we  believe  that  in 
any  plant  where  the  heating  problem  is  a  serious  one,  low 
pressure  boilers  for  heating  and  gas  engines  for  power, 
would  be  the  most  economical. 

Mr.  Parker :  I  believe  the  gas  engine  system  of  power 
is  the  coming  system,  but  I  do  not  exactly  see  how  it  can 
be  applied  to  a  plant  which  has  to  use  a  large  amount  of 
heat  night  and  day.  But  if  there  is  any  way  of  getting 
heat  from  the  exhaust  gase«,  which  I  do  not  suppose  is 
possible,  it  might  prove  economical. 

3fr.  Griffin :  Using  the  heat  from  the  exhaust  of  the 
engine  has  been  attempted,  but  we  have  never  heard  of  any 
success  in  this  line. 

Mr.  Griffin :  The  water  used  in  cooling  the  cylinders 
afterwards  goes  to  the  steam  boilers.  It  leaves  the  engine 
about  110°F.  This  water  passes  through  the  heat  extrac- 
tor and  is  raised  to  175°  in  temperature  before  going  to 
the  boilers. 

Mr.  Fisk:  I  would  like  to  ask  what  is  the  compara- 
tive cost  of  the  plant  as  described  and  a  plant  of  similar 
capacity,  complete,  for  operating  by  steam?  I  understand 
the  cost  of  installation  of  this  is  eight-four  dollars  per 
H.  P.    Do  you  know  how  this  compares? 

Mr.  Griffin :     I  have  no  figures  on  that. 

Mr.  Fisk :     Can  you  give  the  cost  of  operating? 

Mr.  Griffin :  With  the  plant  as  we  had  it  before  we 
put  in  this  system,  it  cost  us  about  forty-five  dollars  pe' 
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H.  p.  per  year,  but  by  this  system  this  is  brought  down 
to  thirty  dollars. 

Prof.  ^Vheeler:  If  the  gas  holder  is  filled  with  gas, 
are  you  able  to  start  with  a  full  load? 

Mr.  Griffin:  Yes.  We  could  run  on  a  full  load  for 
about  fifteen  minutes. 

The  Chair:  This  is  a  very  fruitful  discussion.  Those 
who  are  acquainted  with  European  conditions  realize  that 
the  use  of  gas  producer  plants  is  far  more  extensive  there 
than  in  the  United  States.  The  last  time  I  was  across  I 
was  surprised  to  observe  the  great  development  of  the 
producer  gas  engine.  Of  course,  there  the  fuel  question  is 
far  more  important,  and  they  are  compelled  to  look  after 
the  cost  of  power  much  more  closely  than  we  are.  But  I 
am  convinced  that  in  time  the  same  conditions  will  arise 
in  the  United  States;  and  it  would  be  a  good  thing  for 
those  who  are  acquainted  with  the  use  of  gas  for  power  and 
other  purposes  to  tell  us  something  about  their  experience. 

Mr.  Plusch:  As  the  question  of  fuel  is  one  we  are 
all  interested  in,  I  would  suggest  that  those  having  ques- 
tions to  ask  write  them  out  and  that  the  author  of  this 
paper  be  asked  to  answer  them  for  publication  in  the  re- 
port of  this  meeting. 

Mr.  Fisk:  I  think  it  would  be  interesting  to  have  it 
stated  in  the  report  of  this  meeting  whether  |84.00  per 
H.  P.  included  the  cost  of  the  building  as  well  as  the 
apparatus. 

Mr.  Griffin  :  It  will  be  noted  from  the  paper  that  the 
cost  of  plant  covered  generator,  producer  plant,  holder, 
piping  and  the  erection,  but  did  not  include  the  building. 

Mr.  Lanf/enbeclc:  I  was  not  present  during  the  read- 
ing of  the  first  part  of  the  paper.  Is  this  ordinary  pro- 
ducer gas  from  coal  or  is  it  water  gas  produced  from  coke 
and  steam,  such  as  is  used  in  German  plants? 

Mr.  Griffin :     It  is  part  water  gas  and  part  coal  gas. 

Mr.  Langenheck:     Almost  entirely  water  gas? 

Mr.  Griffin:     No. 
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Mr,  Langenbeck:  Is  it  something  between  the  ordi- 
nary producer  gas  and  the  ordinary  air- water  gas? 

Mr.  Griffin:  In  our  plant  we  have  a  steam  boiler  in 
which  the  steam  is  generated  by  the  initial  heat  of  these 
gases.  In  order  to  keep  our  fires  clean,  every  half  hour 
we  blow  a  jet  of  steam  up  through  one  and  down  through 
the  other  producer.  It  cleans  the  fires  and  loosens  the 
clinkers  and  gives  a  run  of  two  minutes  out  of  a  half  hour 
on  straight  water  gas.  We  do  not  like  to  run  longer,  be- 
cause we  believe  the  troubles  from  back  firing  are  caused 
by  too  much  hydrogen.  We  do  make  a  little  water  gas 
which  is  mixed  with  the  producer  gas. 

Mr.  Langenbeck:  Has  any  analysis  been  made  of 
that  gas?  I  ask  that  question  because  the  paper  i«  alto- 
gether in  the  light  of  power  production;  but  it  naturally 
occurs  to  a  ceramist  to  what  extent  such  gas  could  be  used 
as  a  source  of  heat  for  kiln  firing  of  some  kind.  Will  it 
run  too  high  in  nitrogen? 

Mr,  Griffin  :  It  will  run  about  62%  nitrogen.  I  have 
the  analysis  here  with  the  paper. 

Mr,  Cannon :  The  question  has  come  up  about  drying 
and  heating  with  producer  gas.  It  is  claimed,  I  believe, 
that  you  can  even  use  the  gas  from  the  engine  in  radiators 
around  a  plant.  In  our  clay  working  plants  we  use  a  little 
more  steam  for  drying  and  heating  for  seven  months  of  the 
year  than  it  takes  for  power.  It  is  claimed  that  a  radiating 
system  is  being  developed  now  to  pipe  this  heat  of  the 
exhaust  gas  to  any  part  of  the  plant  and  use  it.  It  would 
have  to  be  a  fireproof  building,  of  course,  in  which  it  could 
be  used.  As  to  the  cost,  I  heard  it  estimated  by  a  represen- 
tative of  a  firm  that  wanted  |90.00  per  H.  P.*^  Mr.  Griffin 
said  it  cost  ^84.00.  The  engineering  companies  will  quote 
about  $()0.00  per  II.  P.  for  equipment,  without  building,  for 
steam. 

Mr.  Fink:     For  steam? 

Mr.  Cannon :  Comparing  the  cost  of  steam  to  that 
of  the  gas  ^apparatus,  one  is  about  ninety  and  the  other 
sixty.    It  is  about  twenty  per  cent  less  for  a  steam  plant* 
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but  they  claim  forty  percent  instead  of  thirty  percent,  as 
here  given,  as  saving  in  cost  of  operation. 

Mr,  Wheeler :  I  desire  to  ask  the  following  questions 
to  be  answered  by  the  author  of  the  paper  and  incorporated 
in  the  published  report : 

What  cost  for  coal  per  ton  is  the  H.  P.  figured  on  ? 

What  rate  is  depreciation  figured  at  in  the  cost  sheet? 

Is  the  tar  recovery  of  value  as  a  by-product? 

The  Author-.  The  H.  P.  is  figured  with  coal  (Poca- 
hontas) at  fS.OO  per  ton. 

The  rate  of  depreciation  is  figured  on  the  cost  sheet 
at  3%. 

By  the  Loomis-Pettibone  system,  there  are  no  tars. 
As  the  gases  pass  downward  through  the  generator,  they 
are  changed  into  fixed  gases,  so  that  no  traces  of  tar  are 
ever  seen  in  the  piping.  We  do,  however,  recover  as  a  by- 
product some  lampblack  from  the  wet  scrubber,  for  which 
there  is  a  market. 


A  STUDY  OF  THE  HEAT  DISTRIBUTION  IN  FOUR 

INDUSTRIAL  KILNS- 

BY 

A.  V.  Bleininger^  Champaign,  Illinois. 

There  is  a  decided  lack  of  data  in  regard  to  the  con- 
sumption of  fuel  in  periodic  ceramic  kilns,  expressed  in 
accurate  terms,  as  well  as  with  respect  to  the  way  in  which 
the  heat  is  distributed.  It  was  hence  tJiought  advisable  to 
undertake  the  examination  of  several  kilns  for  the  purpose 
of  determining  the  ratio  between  the  heat  made  useful  and 
that  escaping  as  waste.  The  kilns  studied  represented  sev- 
eral types  and  widely  differing  conditions,  one  of  them 
being  a  sewer  pipe,  one  a  paving  brick,  and  two,  terra  cotta 
muffle  kilns,  entirely  unlike  in  construction.  In  addition 
a  building  brick  kiln  was  examined,  which  has  already 
been  reported  upon  elsewhere.* 

In  making  a  heat  balance  of  a  kilns  we  must  determine 
the  following  factors: 

A.  Heat  introduccnl  as  fuel. 

B.  Heat  lost  by  the  waste  gases. 

C     Heat  lost  by  the  unburnt  fuel  in  the  ashes. 

D.  Heat  used  in  the  burning  of  the  ware. 

E.  Heat  taken  up  by  the  kiln  and  lost  by  radiation. 

The  la,st  factor,  important  though  it  is,  cannot  be  es- 
timated bv  anv  direct  means  available,  since  the  difficulties 
opposed  to  its  determination  are  too  great.  We  must  bo 
satisfied  to  obtain  it  by  difference.  For,  since  the  first 
four  items  are  readily  obtainable  by  measurement,  the  fifth 
is  arrived  at  bv  the  evident  relation : 

E=A— (B+C+D). 

*'The  Balance  Sheet  cf  a  Down  Draft  Kiln,"  Clay  Worker,  February^ 
igo8.    Read  before  the  N.  R.  M.  A. 
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A.  The  heat  introduceil  as  fuel  was  of  course  readily 
calculated  from  the  weight  of  the  coal  used  from  day  to 
day.  The  calorific  value  of  the  latter  was  obtained  bv 
determining  the  heati-ttg  value  of  a  well  averaged  sample 
of  the  fuel  in  the  calorimeter.  This  work  was  done  in  the 
department  of  industrial  chemistry  at  the  University  of 
Illinois,  under  the  direction  of  Professor  Parr.  The  weight 
of  the  coal  multiplied  by  its  heating  value  gave  the  total 
number  of  calories  introduced. 

B.  The  heat  carried  out  by  the  waste  gases  was  cal- 
culated from  the  daily  coal  consumption,  the  ultimate 
analysis  of  the  coal,  the  analysis  of  the  stack  gases,  the 
thermal  capacity  of  the  gases  and  the  flue  temperature. 
The  first  factor  was,  of  course,  easily  determined  by  weigh- 
ing the  coal,  the  second  by  the  ultimate  analysis  of  the 
coal,  this  work  having  been  carried  out  in  the  department 
of  chemistry  under  Professor  Parr,  the  third  by  the  analy- 
sis of  the  flue  gases,  using  the  Orsat  apparatus,  tlie  fourth 
from  known  data,  and  the  fifth  by  means  of  the  Le  Chate- 
lier  thermocouple  applied  in  the  flue  as  close  to  the  kiln 
as  possible. 

The  daily  coal  consumption  permitted  of  calculating 
the  weight  of  coal  fired  per  hour  for  a  certain  period,  which 
was,  for  the  sake  of  convenience,  taken  as  twelve  hours. 
This  period  was  considered  the  unit  in  all  the  calculations. 

From  the  ultimate  analysis,  allowing  for  the  carbon 
escaping  with  the  ashes,  the  weight  of  the  gases  evolved 
with  theoretical  air  supply  was  calculated.  If,  for  instance, 
the  coal  had  the  following  composition : 

Carbon     60.15%— 3.03   (lost  in  ashes)=57.i2% 

Hydrogen    4.15% 

Oxygen     9-37%  "* ' 

Sulphur    4.34%__i.3o   (lost  in   ashes )=  3.04% 

Moisture    7.90% 

Ash    14.09% 


4  14  A    STUDY    OF    HEAT    DISTR[BUT10N    IN    FOUK    INDUSTRIAL    KILNS. 

1  kg.  of  coal  would  result,  on  burning  with  just  the  requi- 
site amount  of  air,  in 

0  5712  f  J  =  2  09  kg   of  carbon  dioxide 
0.0415  9  f   0.079=  0  453  kg.  of  steam 

0  0304  X   2  =  0  060  kg.  of  sulphur  oxide 
0.S712.»|  X  3  35  =  S  900  kg.  of  nitrogen 

The  weight  of  air  required  for  the  combustion  of  1  kg. 
of  this  coal  would  then  be  7.66  kg. 

The  flue  gas  analysis  was  simply  made  for  the  purpose 
of  determining  the  amount  of  excess  air  introduced  into 
the  kiln,  as  this  evidently  changes  the  weight  of  the  gases 
resulting  from  1  kg.  of  the  coal  materially.  It  was  en- 
deavored to  take  samples  from  the  flue  so  that  they  repre- 
sented average  conditions,  and  from  two  to  three  analyses 
were  made  each  hour.  This  meant  the  making  of  hundreds 
of  analyses  during  each  burn.  As  the  basis  of  the  calcula- 
tion of  the  excess  air  present  the  oxygen  found  was  used 
according  to  the  relation : 

I  on 


Coefficient  of  air-admi&sion= 


iuu— 4.76  a  %  Oxygen. 

To  illustrate:  Supposing  the  gas  was  found  to  con- 
tain 5%  of  oxygen.    We  would  have  then : 

loo"^4  76/ 5  ^^-^-^-^-^  representing  total  air  admitted. 

The  excess  air  must  then  be  1.31 — 1=0.31. 

Applying  this  to  the  weights  of  the  gases  obtained 
above  we  would  have: 

2.090  kg.  CO2 
0.453  kg.  H2O 
0.060  kg.  SO2 
5. 900  kg.  N2 
7.66.0.31=2.370  kg.  Air 

It  might  be  added  that  the  gas  samples  were  taken  as 
close  to  the  kiln  as  possible,  so  as  to  avoid  the  dilution 
caused  by  the  leakage  of  air  into  the  flue  near  the  damper. 

In  calculating  the  heat  lost  by  the  waste  gases  during 
any  given  period  we  must  first  obtain  the  ratio  of  the  heat 
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carried  out  by  the  gases  evolved  from  1  kg.  of  coal  at  the 
flue  temperature  to  the  heating  value  of  this  weight  of  coal. 

In  this  calculation  there. are  necessary  the  weight  of 
waste  gases,  their  thermal  capacity  and  the  flue  tempera- 
ture. 

The  specific  heats  of  the  gases,  as  taken  from  the 
standard  tables  are  not  suitable  for  these  calculations, 
since  they  apply  only  to  a  temperature  range  between  0° 
and  100*^C,  and  if  used  would  cause  a  mor^'  or  less  grave 
error.  The  work  of  Le  Chatelier  and  Mallard*  has  clearly 
shown  that  the  thermal  capacity  of  gases  is  expressed  by 
a  I)arabi)lic  formula  of  two  parameters: 

Qu=a  10(0"  ^'^  Tco(> 
in  which  Qu=heat  capacity. 
a=a  constant  comon  to  all  gases^=6.5. 
T=absolute  temperature. 
b=a  constant,  variable  for  different  gases. 

The  value  of  b  for  perfect  gases  like  Oo,  Ng,  Hg  and 
CO  is  0.6,  for  HgO  2.9,  and  for  COg  3.7.  This  formula 
applies  only  to  the  molecular  volume  of  each  gas  at  abso- 
lute temperatures.  For  the  sake  of  convenience  it  is  pre- 
ferable to  calculate  the  values  in  terms  of  one  kg.  and  the 
temperature  in  degrees  C.  This  has  been  done  in  the 
following  table  :t 

THERMAL  CAPACITY  OF  i   KG.  GAS,  IN  KG.  CALS. 


Temperature  in 
decrees  C. 


O 

200 

400 

600 

800 

1000 

1200 

1400 


Oxycen 

Nitrosen,  Carbon 
Monoxide 

Steam             | 

Carbon  Dioxide 

0.0 

0.0 

0.0 

0.0 

^l-Z 

50.0 

lOO.O 

43.1 

88. 0 

100. 0 

203.0 

91.0 

n4.o 

154.0 

326.0 

I4.S.O 

181. 0 

207.0 

461.0 

208.0 

2.72.0 

264.0 

609.0 

277.0 

284.0 

32';.o 

770.0 

354  0 

334-0 

1 

383.0 

943.0 

435.0 

♦Industrial  Furnaces  and  Methods  of  Control.    Emilio  Damour,  p.  ii. 
l^fetallurjjical  Calculations.     J.  W.  Richards. 

t Industrial  Furnaces  and  Methods  of  Control.     Emilio  Damour,  p.  13. 
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By  plotting  a  curve  from  these  data  for  each  gas  the 
heat  capacity  of  1  kg.  of  the  ga«  can  be  read  off  at  once 
for  any  temperature.  This  was  done  in  the  work  under 
discussion.  For  the  purpose  of  illustration  let  us  take 
the  figures  obtained  above  for  the  weights  of  the  gases,  and 
assuming  that  the  gases  left  the  kiln  ot  620° C  we  would 
have  the  following  heat  capacities,  the  atmospheric  tem- 
perature being  20  \ 

2.09  X145    =303-05  kg.  cals.,  heat  capacity  of  CO2 
0.453X326    =147.68  kg.  cals.,  heat  capacity  of  H2O 
0.453X80+0.453X537    =279.50  kg.  cals.,  heat  of  vaporization  of  H2O 
5.9     X154    =908.00  kg.  cals.,  heat  capacity  of  Ns 
2.37  X  149.4=354.08  kg.  cals.,  heat  capacity  of  air 

i992.3i=total  heat  carried  out  by  waste  gases. 

If  the  calorific*  power  of  the  coal  used  is  6200,  it  is 
evident  that  the  heat  lost  by  the  waste  gases  must  be 

1952 

equal  to  ^^^^X  100=32.13  per  cent.    For  every  100  pounds 

of  coal  fired  we  thus  lose  in  the  waste  gases  32.13  pounds. 

The  temperature,  as  has  already  been  stated,  was  ob- 
tained by  means  of  the  Le  Chatelier  thermocouple,  inserted 
into  the  flue  close  to  the  kiln.  Corrections  were  umde  for 
the  atmospheric  temperature.  This  was  done  by  fastening 
a  thermometer  to  the  junction  between  the  platinum  and 
the  copper  wire.  The  correction  is  equal  to  0.3  of  the  ther- 
mometer reading  where  the  atmospheric  temperature  does 
not  exceed  40^.  In  very  hot  places  the  correct  procedure  is 
to  insert  the  copper  junction  in  boiling  water  and  to  cali- 
brate the  couple  under  these  conditi(ms.  The  calibrati(m 
is  to  be  made  by  means  of  the  melting  points  of  zin(*,  silver 
and  gold  or  copper. 

In  the  losses  due  to  the  waste  gases  must  be  included 
also  the  loss  due  to  the  es(*ape  of  combustible  gases.  Under 
the  conditions  of  the  kilns  examined  in  this  work  the 
amount  of  carbon  monoxide  found  in  the  gases  was  very 
small.  Immediately  after  firing  some  of  this  gas  was 
found,  but  it  disiippeared  in  a  few  minutes.     For  this  rea- 
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son  it  was  not  included  in  the  losses  incurred  by  the  flue 
gases.  It  seems  that  the  hot  mass  of  clay  tends  to  promote 
the  oxidation  of  the  combustible  gases  formed  in  the 
furnace. 

D.  The  heat  required  to  raise  the  ware  to  the  ulti- 
mate temperature  of  the  kiln  w^as  calculated  from  the 
weight  of  the  ware,  its  specific  heat  and  the  kiln  tempera- 
ture. The  amount  of  water  contained  in  the  clay  was 
taken  into  consideration.  Unfortunately,  several  import- 
ant constants  are  lacking,  such  as  the  heat  of  dehydration 
of  clay  and  the  heat  of  vaporization  of  the  hygroscopic 
water.  Even  the  specific  heat  of  clay  is  not  known  for  the 
higher  temperatures,  though  it  is  usually  given  in  text 
books  as  being  0.2.  Mr.  J.  K.  Moore,  during  some  recent 
work  in  connection  with  his  thesis,  found  the  average  ther- 
mal capacity  of  a  burnt  No.  2  fire  clay  between  the  limits 
of  400-1100^ C  to  be  0.235.  At  the  time  the  calculations 
for  this  work  were  made  the  specific  heat  of  clay  was  taken 
as  0.2.  The  heat  of  dehydration  was  assumed  to  be  200  gr. 
calories  per  gram  of  water.  No  reliable  data  was  obtain- 
able on  this  subject.  The  latent  heat  of  the  hygroscopic 
water  which  leaves  in  the  neighborhood  of  200'  was  taken 
to  be  476  according  to  the  formula  of  Griffith-s, 

L=596.73— O.eOt. 

Assuming  then  a  clay,  containing  2%  of  hygroscopic 
and  7%  of  chemical  water  which  is  to  be  raised  to  1120°, 
we  would  have  for  1  kg.  of  the  dried  cla>  the  following 
heat  consumption,  the  atmospheric  temperature  being  20°. 
The  dehydration  temperature  to  be  taken  as  650°. 

Hygroscopic  water  0.02X180X1=    3.6  kg.  calories 

0.02X476    =    9.5  kg.  calories 

Qiemical  water  0.07X. 02X650=    9.1  kg.  calories 

0.07X200       =  14.0  kg.  calories 
Gay    ,. 0.93X0.2X1100=204.6  kg.  calorics 

I  kg.  clay  thus  requires  240.8  kg.  calories 

E.  As  has  been  mentioned  above,  the  heat  absorbed 
by  the  kiln  and  lost  by  radiation  was  obtained  by  differ- 
ence. 
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APPARATUS. 

The  apparatus  used  in  this  work  consisted  of  the  Orsat 
gas  apparatus,  two  tin  gas  samplers,  supported  by  tripods 
and  painted  with  asphaltum  paint,  one  Siemens-Halske 
mill i -voltmeter  and  double  throw  switch,  two  thermo- 
couples, one  for  the  flue,  the  other  for  the  kiln,  two  ther- 
mometers reading  to  100°C  and  two  to  300^,  the  latter 
being  used  during  the  watersmoking  period,  and  two  Rich- 
ardson-Lovejoy  metal  draft  gauges,  filled  with  colored  pe- 
troleum and  showing  a  reading  magnified  four  times. 

The  gas  was  drawn  from  the  flue  through  %"  pipes 
plugged  at  the  end  and  perforated  around  the  side.  The 
pipe  connected  to  the  draft  gauge  was  provided  with  an 
elbow  so  that  the  end  of  the  pipe  was  parallel  to  the  axis 
of  the  flue  and  pointed  in  the  direction  of  the  stack.  This. 
was  found  to  be  important,  giving  more  consistent  readings 
than  when  the  pipe  was  inserted  at  right  angles  to  the  flue. 

« 

DRAFT  GAUGE. 

The  readings  of  the  draft  gauge  were  not  necessary 
for  the  determination  of  the  heat  escaping  through  the 
stack,  since  the  weight  of  coal  actually  fired  was  used  as 
the  basis  of  the  calculations,  but  they  were  useful  in  indi- 
cating the  increasing  velocity  of  the  gase«  in  the  stack. 
The  draft  gauge  without  a  Titot  tube  cannot  be  used  to 
measure  the  velocity  of  the  gases  except  it  is  calibrated 
against  an  anemometer.  A  Pitot  tube  suitable  for  the 
purpose  was  not  available,  since  the  usual  metal  instru- 
ment would  soon  be  destroyed  by  the  high  temperature  of 
the  gases  and  the  time  was  too  short  for  making  a  clay 
tube  of  this  kind. 

With  the  Pitot  tube  the  velocity  of  the  gases  in  the 
flue  or  stack  is  calculated  from  the  relation. 

where  v=the  velocity  in  feet  or  meters  per  second. 
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g=:the  gravity  constant,  32.14  ft.  or  9.8  meters. 

h=reaZ  height  of  the  petroleum  column  in  feet  or  me- 
ters, shown  by  the  draft  gauge. 

d=i^en«ity  of  petroleum,  in  terms  of  water  at  4°C. 

d=density  of  the  gases  at  the  temperature  and  pres- 
sure of  the  stack  or  flue  in  terms  of  water  at  4"^. 

The  relation  between  the  real  velocity  as  determined 
by  the  anemometer  and  that  calculated  from  the  Pitot  tube 
is  approximately  1.1 — 1.2,  for  the  velocities  in  question  ii^ 
ceramic  stacks.  The  Pitot  tube  velocities  are  hence  to  be 
multiplied  by  this  factor  in  order  to  obtain  the  real 
velocity.* 

Some  erroneous  conceptions  are  current  in  regard  to 
the  meaning  of  the  draft  gauge  readings.  The  value  indi- 
cated by  the  gauge  does  not  represent  the  total  magnitude 
or  "head"  of  the  draft,  but  only  that  part  of  it  which  cor- 
responds to  the  velocity  of  the  gases  and  which  is  not  avail- 
able for  pulling  the  gases  through  the  furnaces  and  kiln. 

The  total  head  of  draft  w'hich  may  be  expressed  in 
inches  or  millimeters  of  water  or  air  at  0°  is  the  pull  ob- 
tained by  a  stack,  measured  by  the  difference  in  the  weight 
of  the  hot  gases  occupying  the  chimney  and  the  weight  of 
the  same  volume  of  air  at  atmospheric  temperature.  To 
illustrate,  assuming  a  stack  10  meters  high  and  1  square 
meter  in  cross  section  at  273^0,  with  the  atmospheric  air 
at  0°,  we  have  a  difference  in  weight  as  follows:  The 
weight  of  10  cubic  meters  of  air  (volume  of  stack)  at  0°C= 
12.93  kg.  The  weight  of  the  same  volume  of  air  at  273°= 
6.465  kg.  We  have,  then,  as  the  measure  of  the  total  draft 
the  weight  of  12.93-6.465=6.465  kg.  This  weight  is  dis- 
tributed over  the  cross  section  of  1  sq.  meter=10000  sq.  cm. 
The  pressure  upon  1  sq.  cm.  is  thus  0.65  gram.  This  cor- 
responds to  a  height  of  a  water  column  of  0.65  cm.  Ex- 
pressed in  terms  of  air  at  0°  it  is  0.65X772=501.8  cm., 
water  being  772  times  as  heavy  as  air  at  the  same  tempera- 


*W.  D.  Harkins  and  'R.  E.  Swain.     Jour.  Am.  Chem.  Soc,  Vol.  29, 
p.  970. 
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ture.  This  head  of  5.02  meters  represents  tlie  total  draft. 
But  only  part  of  it  is  available  for  forcing  the  air  needed 
for  combustion  into  the  furnaces  and  pulling  out  of  the 
kiln  the  gases  produced.  Part  of  this  force  is  t^ken  up  by 
the  velocity  of  the  stack  gases  and  part  of  it  by  the  friction 
of  the  gases  in  the  stack.  The  head  available  for  the  kiln, 
then,  is  equal  to  the  total  head  minus  the  velocity  and 
friction  heads. 

The  velocity  head  is  calculated  from  the  relation 

2g 
Assuming  the  velocity  of  the  gases  in  the  above  stack 
to  be  6  meters  per  second,  the  velocity  head,  hj,  becomes  • 

36 

h^= ^=1.84  m.,  in  terms  of  air  at  273^. 

2X9.8 
Reduced  to  terms  of  air  at  0"^  this  head  becomes  0.92m. 
According  to  Richards  the  friction  head,  hg,  of  a  stack  is: 

H 

h2=1.9-K 
d 

where  II=height  of  stack. 

d=diameter  or  side  of  chimnev. 

« 

k=constant,  whose  average  value=0.08. 
Substituting,  we  obtain 

10 
h2=l  .9— .0.08=0.15  meters. 
1 

The  head  of  the  stack  thus  available  for  pulling  the 
gases  through  the  kiln=5.02- (1.84+0.15)— 3.03  meters 
of  air  at  0^ 

Experimentally,  the  total  head  of  a  stack  may  be  de- 
termined by  suddenly  dropping  the  damper  and  observing 
the  draft  gauge  reading  instantly.  The  common  idea  that 
the  draft  of  a  kiln  is  increased  greatly  as  the  stack  be- 
comes verv  hot  is  not  true.     It  is  true  that  the  draft  in- 
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creases  up  to  a  certain  temperature  but  not  beyond  it,  in 
spite  of  tlie  fact  that  the  velocity  of  the  gases  increases. 
But  as  we  have  seen,  increased  stack  velocity  means  in- 
creased loss  in  available  head.  It  must  be  remembered 
that  the  draft  of  a  stack  is  not  measured  by  the  volume  of 
the  gases  drawn  off,  but  by  the  weight  of  gas  removed  per 
unit  time. 

We  have  thus  the  expression : 


QU=    Sdl/2gO.U0366.L(ti^t.)     ^^^^^ 
^  If  0.tU366  ti 

Qu=the. weight  of  the  gases  removed  per  second. 
S  =cross  section  of  stack, 
d   =density  of  the  gases  at  0"^. 
g   =9.8  m.  or  32.14  feet. 
L  =height  of  stack. 

tj  =mean  temperature  of  the  gases  in  the  stack  in 
degrees  C. 

t   =temperature  of  the  air  in  degrees  C. 


Since  here  Sd  i    2  g  0.00366  I.<=constant  we  may  say 

tl^at  Qu=K-j-JJ;^3eg- 

By  differentiati(m  or  graphical  determination  of  the 
maximum  value  of  Qu  we  find  that  the  temperature  at 
which  the  greatest  weight  of  gases  is  removed  is  at  273^C 
Nothing  is  gained,  therefore,  as  far  as  the  available  draft 
of  a  stack  is  concerned,  by  maintaining  a  mt^u  stack  tem- 
perature higher  tlian  273"^  above  the  atmospheric  tempera- 
ture. 

SKWER  PIPE  KILN. 

The  kiln  in  question  was  one  of  the  older  kilns  on  the 
plant  and  was  rectangular,  its  dimensions  being:  Length, 
42  feet,  width,  17V.?  f^%  height,  19  feet,  inside  measure- 
ments. It  was  fiet  with  double  strength  20  inch  pipe, 
nested  with  smaller  sizes,  and  contained  120,460  pounds  of 
clay,  all  told,  including  rings,  etc. 
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Id  burning:,  87^5  pounds  of  coal  were  used,  which 
had  the  following  composition : 

Carbon    59-76% 

Hydrogen    4.08% 

Oxygen  and  Nitrogen 10. 72% 

Sulphur    2.57% 

Ash    11.74% 

Moisture   11.13% 

The  ash  was  found  to  show  the  following  analysis : 

Carbon    29.17% 

Hydrogen   0.26% 

Oxygen  and  Xitrogen 3 .  13% 

Sulphur    3. 16% 

Ash    68.99% 

Moisture   i .  55% 

The  calorific  power  of  the  coal  was  6,020  calories,  op 
10,837  B.  T.  U. 

The  weights  of  the  gases  from  1  kg.  of  coal  were : 

C02=2.07O  kg. 

H,O=0.47^  kg. 

N.=5.765  kg. 

assuming  perfect  combustion.  The  weight  of  air  re<iuired 
per  kg.  of  coal  is  7.48  kg. ;  3.42  per  cent  of  carbon  were  lost 
in.  the  ashes. 

The  length  of  the  burn  was  129  hours.  This  was  di- 
vided into  10  periods  of  12  hours  and  one  of  9  hours.  All 
the  analyses  and  other  data  were  averaged  on  the  basis  of 
the  12  hour  period,  care  having  been  taken  to  make  the 
analyses  representative  of  the  average  conditions. 

In  Fig.  1  we  have  represented  the  avei*age  coal  con- 
sumption per  hour  during  the  burn.  Fig.  2  shows  the 
time-temperature  curves  of  the  kiln  and  flue.  In  Fig.  3 
there  are  shown  the  average  carbon  dioxide  and  air  per- 
centages for  each  period  throughout  the  burn. 

HKAT  LOST  BY  WASTE  GASES. 

In  calculating  the  heat  passing  off  with  the  waste 
gases  from  the  data  represented  by  the  above  curves,  the 
mean  flue  temperature  from  the  beginning  to  the  end  of 
each  period  was  taken  and  the  atmospheric  temperature 
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deducted.  The  heat  carried  out  by  the  gases  corresponding 
to  1  kg.  of  coal  was  then  calculated,  as  shown  in  th(^.  first 
part  of  this  paper.  In,  the  case  of  the  sewer-pipe  kiln  the 
waste  heat  of  each  period  is  given  in  the  following  table : 
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Adding  up  the  pounds  of  coal  which  express  the  loss 
of  heat  by  the  waste  gases  we  obtain  1 6351  pounds.  Since 
the  total  coal  fired  was  87,330  pounds,  it  is  evident  that 
the  heat  escaping  through  the  flue  is  equal  to  18.6  per  cent. 
Fig.  4  shows  the  losses  for  each  period  of  the  burn. 

HEAT  REQUIRED  TO  BURN   THE   WARE. 

Calculating  the  heat  required  to  burn  120,460  pounds 
of  clay,  as  illustrated  above,  to  a  temperature  of  1100° 
there  will  be  used  13,689,179  kg.  calories,  which  equal 
4987  pounds  of  the  coal  employed  in  this  case.  This  cor- 
responds to  5.71%  of  the  total  heat  introduced  into  the 
kiln. 

HEAT  rX)ST  IX  THE  ASHES. 

I 

The  carbon  lost  in  the  ashes  amounts  to  3.42%  of  the 
coal.     Since  practically  no  available  hydrogen  was  found 
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in  the  ashes,  the  heat  lost  in  this  way  evidently  is  0.0342  X 
8080  kg.  calories  per  kg.  of  coal.  Calculating  this  loss  in 
percentage  we  obtain  4.68%. 

HEAT  TAKEN  UP  BY  THE  KILN  AND  LOST  BY  RADIATION. 

The  heat  coming  under  this  heading  is  evidently  ob- 
tained by  subtracting  the  sum  of  18.6% +5.71% +4.58% 
from  100  which  gives  us  71.1%,  a  very  high  percentage, 
approaching  the  similar  losses  of  open-hearth  steel  fur- 
naces and  must  be  ascribed  to  the  poor  condition  of  the 
kiln. 

In  Fig.  5  the  draft-gauge  readings  are  plotted,  ex- 
pressed in  draft  gauge  divisions  and  inches.  The  gauge 
was  frequently  set  to  the  zero  point  to  allow  for  the  evapor- 
ation of  the  petroleum. 


thans.  am.  cen  &w.  vci  x. 


BICININAEN. 


12 


II 


iO 


y  6 

o 


o 

»- 


FIG  5. 
SEWER  nrEKILN. 
DRAFT  GAGE  CURVE. 
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Collecting  the  data  obtained  in  these  calculations  we 
find  the  heat  distribution  to  be  as  follows: 

Heat  lost  by  the  fire  gases 18.6  % 

Heat  taken  up  by  the  ware 5.7  % 

Heat  lost  by  ashes  4. 58% 

Heal  taken  by  kiln  and  lost  by  radiation 71 .  i  % 

100.0% 
In  burning  loob  kg.  of  ware  there  were  used  4378341  kg.  cals. 
In  burning  i  ton  of  ware  there  were  used  3984200  kg.  cals. 
In  burning  i  ton  of  ware  there  were  used  1456.8  lbs.  of  coal 

Temperature  iioo^'C. 

During  salting  the  fire  gases  were  found  to  contain 
15.6%  CO2  and  2.4%  Og.  An  interesting  fact  observed  was 
also  that  the  temperature  during  salting  rose  5"^  in  spite 
of  the  fact  that  the  reactions  involved  in  salting  are  endo- 
thermic,  thus  Showing  that  there  is  no  difficulty  in  main- 
taining sufficient  heat. 

During  the  latter  part  of  the  burn  some  carbon  mon- 
oxide was  found  in  the  ga.ses,  but  only  for  a  short  time  and 
in  small  amounts.  The  loss  of  heat  due  to  this  source  was 
hence  neglected. 

PAVING    BRICK    KILN. 

This  kiln  was  a  26  ft.  round  down  draft  kiln  and  con- 
tained 357,264  pounds  of  burnt  clay.  The  amount  of  coal 
used  was  121,928  pounds.  The  maximum  temperature 
reached  was  1110° 0. 

Analysis  of  coal : 

Carbon    60.15% 

Hydrogen    4. 15% 

Sulphur 4.34% 

Oxygen   and   Nitrogen    9-37% 

Ash    14.09% 

Moisture 7.90% 

The  calorific  power  was  found  to  be  6231  or  11216  B. 
T.  U. 

Analvsis  of  ashes: 

Carbon    21 .  53% 

Hydrogen    0.11% 

Sulphur 1 .81% 

Oxygen  and  Nitrogen   0.83% 

Ash    77.30% 

Moisture    o .  08% 


A    STUDY   OF    HEAT    DISTRIBUTION    IN    POUR    INDUSTRIAL    KILNS.  429 


Thus  3.03%  of  carbon  in  the  coal  was  lost  with  the 
ashes. 

From  1  kg.  of  this  coal  there  would  be  evolved : 

2,090  kg.  carbon  dioxide 
0.453  kg.  steam 
5.900  kg.  nitrogen 
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not  considering  the  sulphur  dioxide  and  assuming  perfect 
conditions  of  combustion.  For  each  kg.  of  coal  lired  there 
would  have  to  be  introduced  7.66  kg.  of  air  for  theoretical 
combustion. 

The  length  of  the  burn  was  204  hours. 

The  coal  consumption  per  hour  is  shown  in  Fig.  6  for 
each  period  of  12  hours  throughout  the  burn.  Fig.  7  gives 
the  time-temperature  curves  for  the  kiln  (couple  intro- 
duced on  top)  and  the  flue  as  well  as  the  draft  gauge  read- 
ings. The  latter  are  taken  from  the  stack,  and  it  must  be 
remembered  that  each  division  equals  %  inch  and  that  the 
readings  are  magnified  four  times.  Each  division  thus 
corresponds  to  3-16  inch  of  petroleum,  vertical  height.  In 
Fig.  8  the  COg  and  air  contents  of  the  gases  are  repre- 
sented. From  the  air  curve  we  observe  that  the  shale  is 
not  a  difficult  one  to  oxidize,  that  the  air  content  of  the 
gases  is  not  excessive,  and  the  heat  losses  are  not  so  much 
due  to  large  air  excess  as  to  the  high  exit  temperature  of 
the  waste  gases. 
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HEAT  CARRIED  OUT  BY  WASTE  GASES. 

Proceeding  as  before  we  can  calculate  the  heat  carried 
out  into  the  flue  from  the  weight  of  coal  flred  per  period, 
the  air  content  of  the  gases  and  the  flue  temperature,  so 
that  we  have  the  following  results : 
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Adding  the  pounds  of  coal,  which  are  equal  to  the  heat 
wasted  by  the  fire  gases,  we  obtain  36,454  pounds,  which  is 
29.9%  of  the  total  amount  of  coal  fired,  or  we  may  say  that 
the  kiln  shows  a  flue  loss  of  29.9%.  Fig.  9  shows  the  heat 
loss  per  period  graphically. 
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HEAT  REQUIRED  IN   HEATING   UP  THE   WARE. 

(Calculating  the  amount  of  heat  theoretically  necessary 
to  raise  the  clays  to  1110°C,  as  shown  above,  we  find  that 
this  heat  is  equal  to  13,778  pounds  of  coal,  which  is  11.3% 
of  the  total  amount. 


HEAT  LOST  BY  UNBURNT  CJARBON  IN   THE  ASHES. 

Since  the  carbon  lost  by  the  ashes  is  equal  to  3.03%  of 
the  coal,  the  heat  lost  in  this  way  must  be  equal  to 
8080X0.0303=245  calories,  or  3.9%  of  the  calorific  value 
of  the  coal. 

A.  C.  S.— 20 
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HEAT  TAKEN  UP  BY  THE  KILN  AND  LOST  BY  KADL\TION. 

This  necessarily  must  be  equal  to  100— 45.1=-519%. 
Summarizing,  we  have  the  following  heat  distribution : 

Heat  lost  by  the  waste  ^ases 29.9% 

Heat  taken  up  by  the  brick 11. 3% 

Heat  lost  by  carbon  in  the  ash 3-9% 

Heat  taken  up  by  the  kiln  and  lost  by  i  acfiation 54-9% 

100.0% 

In  this  kiln  and  under  the  conditions  of  the  test  car- 
ried on 

1000  kg.  burnt  clay  required  2056230  kg.  calories. 
I  ton  burnt  clay  required  1871169  kg.  calories. 
I  ton  burnt  clay  required  660  pounds  of  coal. 

Temperature  iiio^C. 

TERRA  COTTA  KILN.      A. 

This  kiln  was  a  muffle  kiln,  the  muffle  being  16  ft.  in 
diameter.  The  kiln  was  set  with  42,423  pounds  of  green 
terra  cotta  and  26,960  pounds  of  support.s,  kiln  blocks,  etc. 
The  coal  consumed  was  29,340  pounds,  and  the  duration 
of  the  burn  was  67  hours.  The  maximum  temperature 
reached  in  the  muffle  was  1080 "^C. 

Coal  analysis : 

Carbon    66.78% 

Hydrogen    4.81% 

Sulphur    0.84% 

Oxygen  and  Nitrogen  9.68% 

Ash    ". 7-59% 

Moisture    10.30% 

Calorific  power  6716  cr  12090  B.  T.  U. 

Analysis  of  ashes: 


•.' 


Carbon    :  .20.92% 

Hydrogen   0.06% 

Sulphur    0.35% 

Oxygen  and  Nitrogen  0. 53% 

Ash    77 .94% 

Moisture    0.20% 

Assuming  theoretical  combustion,  the  weight  of  the 
gases  developed  from  1  kg.  of  coal  is  2.39  kg.,  carbon  diox- 
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ide,  0.553  kg.  steam,  and  5.8  kg.  nitrogen,  the  sulphur  being 
neglected.  The  air  introduced  under  the  same  conditions 
would  be  7.54  kg.  ' 

Fig.  10  shows  the  average  coal  consumption  per  hour 
for  each  period  of.  12  hours.  It  is  seen  to  differ  from  the 
corresponding  curve  for  the  open  kilns  by  the  compara- 
tively small  fluctuations  in  the  amounts  of  fuel  fired,  as  is 
to  be  expected  from  this  type  of  kiln.  The  time- tempera- 
ture curve  is  given  in  Fig.  11.    The  COg  and  air  curves  of 
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Fig.  12  indicate  strongly  oxidizing  conditions  throughout 
the  burn.  The  draft  gauge  readings  have  been  rejected 
owing  to  the  rather  unsatisfactory  place  at  which  the  gauge 
was  connected  to  the  flues  surrounding  the  muffle. 

HEAT  CARRIED  OUT  BY  THE   WASTE   GASES. 


Proceeding  with  the  calculation  of  the  flue  loss  we 
can  tabulate  the  results  as  follows: 
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Period 


Kg.  calories  lost  per  kg.  of  coal 


741 


1102 


%  of  heat  lost  in  terms  of  heating 
value  of  coal    , 


II. o    16.4 


Pounds  of  coal  lost  by  waste  gases 
per   period    


396 


876 


3 

4 

5 

6 

1476 

1954 

2622 

2510 

22.0 

29.1 

390 

37.4 

1248 

1830 

2214 

1017 

Adding  up  the  amounts  of  coal  we  have  7581  pounds, 
which  is  25.8%  of  the  total  amount  of  fuel  used,  29,340 
pounds.  In  Fig.  13  the  average  heat  losses  per  period  are 
shown  graphically. 

HEAT  REQUIRED  TO  BURN  THE  W.VRB. 

Calculating  the  heat  theoretically  required  to  burn 
the  terra  cotta  and  to  heat  up  the  supports,  we  find  that 
this  amounts  to  3,688  pounds,  or  12.57%  of  the  total  heat 
introduced. 

HEAT  LOST  BY  CARBON  IN  THE  ASHES. 

The  carbon  lost  with  the  ashes  amounts  to  1.6%  of  the 
coal.  Thus  the  heat  lost  in  this  way  is  ( 8080X0.016 ) -r- 
6716X100=1.9%.  In  this  kiln  the  grates  were  in  excellent 
shape,  and  this  explains  the  low  loss. 

HEAT  TAKEN  UP  BY  THE  KILN  AND  LOST  BY  RADIATION. 

It  is  evident,  then,  that  the  loss  must  be  ecpial  to 
100-  (25.8+12.57+1.9)=59.73%. 

Spmmarizing,  the  heat  distribution  is  as  follows: 

Heat  lost  by  waste  gases 25 .80% 

Theoretical  heat  necessary  to  heat  up  charge 12.57% 

Lost  by  carbon  in  the  ashes i  .90% 

Heat  taken  up  by  kiln  and  lost  by  radiation 59-73% 

100.00% 
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1000  kg.  terra  cotta  under  these  conditions  required 
5113775  kg.  cals.=1675  pounds  of  coal. 

1000  kg.  terra  cotta  plus  supports :  3007205  kg.  cals. 
=985  pounds  of  coal. 

1  ton  terra  cotta  required  1524  pounds  of  coal. 

1  ton  terra  cotta  plus  supports  896  pounds  of  coal. 

Temperature=1080°  C. 

In  taking  several  samples  of  gas  from  the  muffle  during 
the  raising  of  the  heat,  3%  of  COg  were  found. 

TERKA  COTTA  KILN.      B. 

This  kiln  was  constructed  entirely  differently  from 
the  preceding  one.  Its  inside  muffle  diameter  was  21'6",  its 
height  17  feet  high  in  the  center  and  12  feet  to  the  spring 
of  the  arch.  The  charge  consisted  of  113,280  pounds  of 
terra  cotta  and  75,694  pounds  of  kiln  stones  and  supports. 
The  fuel  used  amounted  to  81,420  pounds  of  coal.  Length 
of  burn,  115  hours.  The  kiln  was  well  built  and  in  excel- 
lent condition.    The  maximum  temperature  was  1115°C. 

Analysis  of  coal : 

Carbon    69.30% 

Hydrogen    4.62% 

Sulphur    1 .64% 

Oxygen  and  Nitrogen 9-94% 

Ash    6.55% 

Moisture    7-95% 

Calorific  power  6961,  or  12530  B.  T.  U.    . 

Analysis  of  ash : 

Carbon    20.53% 

Hydrogen    0.22% 

Sulphur    0.51% 

Oxygen  and  Nitrogen i  .03% 

Ash    77.40% 

Moisture    0.31% 

1.34%  of  carbon  was  lost  in  the  ashes.  1  kg.  of  coal 
resulted  in  2.49  kg.  carbon  dioxide,  0.495  kg.  of  steam^  and 
6.97  kg.  nitrogen,  assuming  theoretical  combustion,  and  1 
kg.  of  coal  required  under  these  conditions  8.24  kg.  of  air 
for  combustion. 
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1000 


Fig.  14  shows  the  CQ^l  consumption  per  hour  as  the 
average  for  each  period  of  12  hours.  In  Fig.  15  Ave  have 
the  time-temperature  curves  for  the  kiln  and  the  flue  as 
well  as  the  draft  gauge  readings.  It  is  shown  here  that 
the  fire  gases  leave  at  a  very  high  temperature  and  that 
hence  a  large  flue  loss  is  to  be  expei*ted.     The  difference 
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in  construction  between  kilns  A  and  B  is  brought  out 
clearly  by  these  curves.  Fig.  16  illustrates  the  average 
carbon  dioxide  and  air  contents  of  the  fire  gases  represent- 
ing for  each  period.  It  is  observed  that  in  this  kiln  also 
the  conditions  are  decidedly  oxidizing. 

HEAT  IX)SSES  DUE  TO  THE  FLUE  GASES. 

The  results  of  the  calculations  are  ai^ain  indicated  in  a 
table,  viz : 
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Fig.  17  shows  the  percentage  of  heat  lost  during  each 
period. 

Adding  up  these  amounts  of  coal  we  find  that  the 
pounds  of  coal  lost  by  the  wast^.  gases  are  equal  to  46,478 
pounds,  or  57.1%  of  the  total  amount  of  coal,  81,420 
pounds. 

HEAT  REQUIRED  TO  BURN  THE  WARE. 

By  calculation  the  theoretical  amount  of  heat  re(]uireil 
to  burn  the  terra  cotta  and  heat  up  the  supports  was  e(]ual 
to  6514  pounds,  or  S%  of  the  total  amount  of  coal. 

HEAT  LOST  BY  UXBURXT  CARBON  IN  THE  ASHES. 

Since  the  carbon  lost  to  the  ashes  amounts  to  1.34%, 
the  percentage  heat  loss  due  to  this  cause  is  [(8080X 
0.0]34)-^6961]Xl00=1.6%. 

HEAT  TAKEN   UP  BY  THE  KILN  AND  LOST  BY  RADL4lTI0N. 

This  is  equal  to  100— (57.1+8.0+1.6)=33.37e.  This 
item,  therefore,  is  very  small  for  this  kiln,  which  speaks 
well  for  its  construction. 

Summarizing,  we  have: 

Heat  lost  by  the  waste  gases 57 .  i  % 

Theoretical  heat  required  for  charge   8.0% 

Heat  lost  by  unburnt  carbon   i  .6% 

Heat  lost  to  kiln  and  radiation 333% 

1000  kg.  terra  cotta  required  5002518  kg.  calories.       * 
1000  kg.  terra  cotta  and  supports  3072423  kg.  calories. 
1  ton  terra  cotta  required  1439  pounds  of  coal. 
I  ton  terra  cotta  and  supports  884  pounds  of  coal. 

Temperature  III5°C. 

It  will  be  observed  that  in  spite  of  the  large  flue  loss 
in  kiln  B  and  the  higher  muffle  temperature  the  etficiency 
is  about  the  same  as  that  of  A,  this  being  due  to  the  larger 
size  and  hence  greater  tonnage  of  B. 

For  the  sake  of  completeness  tlie  writer  desires  to 
quote  the  results  obtained  for  a  brick  kiln,*  burning  hard 

*The  Clay  Worker,  February,  1908. 
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shale  building  and  sewer  brick.  This  kiln  was  of  the  down 
draft  type,  28  feet  inside  diameter,  and  contained  66,190 
brick,  each  weighing  6%  pounds.  The  amount  of  coal  con- 
sumed was  95,045  pounds,  the  B.  T.  U.  value  being  11162. 
The  summarv  of  the  heat  distribution  of  this  kiln  was  as 
follows : 

Heat  lost  by  the  flue  gases 27.33% 

Theoretical  heat  required  to  burn  bricks 19-55% 

Heat  lost  by  unburnt  carbon 3-51% 

Heat  taken  up  by  kiln  and  lost  by  radiation 49.61% 

100.00% 

1000  kg.  of  brick  rei]uired  1,449,174  kg.  calories,  or  for 
each  ton  of  ware  468  pounds  of  coal  were  fired.  The  tem- 
perature was  llOO^C. 

Comment  on  the  work  of  this  article  is  hardly  neces- 
sary since  the  figures  themselves  are  the  conclusions  to  be 
drawn.  It  might  facilitate  comparison  to  arrange  the  ab- 
solute quantities  of  heat  require<l  in  each  case. 

1000  kg.  sewer-pipe    4378341  kg.  calories 

1000  kg.  paving  brick   2056230  kg.  calories 

iqpo  kg.  terra  cotta,  A    4640756  kg.  calories 

1000  kg.  terra  cotta  plus  supports   3007205  kg.  calories 

1000  kg.  terra  cotta,  B  5002518  kg.  calories 

1000  kg.  terra  cotta  plus  supports  3072423  kg.  calories 

1000  kg.  hard  building  brick   1449174  kg.  calories 

Expressing  these  values  in  pounds  of  coal  per  ton  we 
have : 

I  ton  sewer  pipe   1*457  pounds  coal 

I  ton  paving  brick    660  pounds  coal 

I  ton  terra  cotta,  A*    1524  pounds  coal 

I  ton  terra  cotta  and  supports  890  pounds  coaf 

I  ton  terra  cotta,  B   1439  pounds  coal 

I  ton  terra  cotta  and  supports   884  pounds  coaf 

I  ton  building  brick   468  pounds  coal 

In  conclusion  the  writer  wishes  to  acknowledge  his 
indebtedness  to  Professor  C.  W.  Rolfe  for  having  granted 
the  use  of  the  funds  and  apparatus  which  made  the  work 
possible.  He  also  desires  to  express  his  appreciation  of  the 
conscientious  services  and  faithful  cooperation  of  Mr.  C. 

*The  coal  used  in  A  is  inferior  in  heating  value  to  that  in  B. 
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E.  Merry,  of  the  department  of  ceramics,  University  of 
Illinois.  He  wishes  to  thank  espec-ialiy  the  ftrins  whose 
kind  ooperation  was  enjoyed  in  every  case. 

DISCUSSION. 

Mr.  Langenbcck :  I  wish  to  ask  about  the  percent  loss 
of  waste  gases — I  presume  by  that  the  speaker  lueans  both 
the  lost  heat  of  the  gases  during  the  combustion  of  the 
kiln  and  the  heat  loss  bv  radiation,  not  only  from  the  out- 
side  during  the  burning,  but  also  during  tht:  cooling  of  the 
ware  through  the  stack.  Did  you  attempt  in  any  way  tak- 
ing the  temperature  on  the  outside  of  the  kiln  at  the  var- 
ious points  and  times  to  determine  what  the  percent  of  this 
loss  was,  this  radiation  of  the  kiln  shell  during  the  com- 
bustion ? 

Mr,  Bleininffcr:  I  have  made  no  attempt  to  do  this 
since  this  is  a  very  difficult  matter,  no  reliable  data  being 
at  hand  to  serve  as  the  starting  point  of  such  calculations. 
The  German  Government  is  endeavoring  to  obtain  the 
necessary  facts  by  experimental  researches.  There  is  ab- 
solutely no  reliance  to  be  placed  on  any  data  found  in 
handbooks  concerning  radiation.  There  are  any  number 
of  theoretical  calculations  on  this  subject,  but  they  do  not 
agree  in  their  deductions. 

Mr,  Langenhcck:  I  am  glad  the  German  Government 
is  investigating  this,  for  it  is  a  matter  of  vital  importance. 
Firing  a  kiln  is  piling  up  heat  in  its  shell,  and  we  usually 
thnk  only  that  the  inflow  must  be  greater  than  the  outflow. 
At  the  same  time  a  large  and  increasing  amount  of  heat 
is  befng  radiated  on  the  outside;  and  while,  relatively,  fire 
brick  work  is  a  poorly  conducting  substanuc,  yet  it  is  by 
no  means  as  jmor  as  it  ought  to  be;  and  this  is  one  of  the 
gross  defects  of  our  kilns.  We  simply  go  on  building  kilns 
of  fire  brick  instead  of  more  effective  insulating  material, 
instead  of  using  hollow  brick.  The  saving,  entirely,  aside 
from  the  possible  saving  in  fuel,  is  in  the  steadier  accumu- 
lation of  heat  in  the  kiln  bv  a  lessened  radiation  from  the 
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outside.  The  only  larger  practical  work  I  have  attempted 
along  this  line  was  in  building  a  kiln  at  the  Mosiac  Tile 
Co.,  in  Zanesviiie,  Ohio,  where  I  left  an  air  space  between 
the  fire  brick  lining  and  red  brick  outside,  and  1  held  the 
fire  brick  lining  in  place  by  a  header  brick  which  extended 
an  inch  or  an  inch  and  a  half  beyond  the  red  brick.  But  I 
was  not  able  to  follow  it  up  properly  and  cannot  give  you 
any  data,  because  the  question  is  too  difficult,  as  Mr.  Blein- 
inger  says,  and  it  was  a  very  insignificant  trial  to  make. 
But  I  believe  if  pottery  companies  will  make  up  their  minds 
to  pay  a  little  more  for  hollow  fire  brick  and  put  up  their 
kilns  of  them,  it  will  be  worth  while. 

Another  question  I  wish  to  ask.  In  pointing  out  the 
loss  of  fuel  in  firing,  in  the  beginning,  Mr.  Bleininger  says 
that  it  is  necesstirily  much  greater  than  in  a  boiler.  Is 
that  vour  idea? 

Mr,  Bleininger:  Yes,  sir,  not  in  the  beginning  so 
much  as  later  on. 

Mr.  Langcnheck:  I  can  understand  that  the  greater 
the  temperatures  the  greater  the  loss  by  radiation  and 
gases  might  be,  but  your  statement  might  be  subject  to  the 
misinterpretation,  as  that  a  high  temperature  apparatus 
like  a  kiln  is  more  wasteful  in  its  work  than  a  low  temper- 
ature apparatus  like  a  boiler.  When  we  introduced  gas  at 
the  Mosaic  Tile  Co.,  it  proved  more  economical  to  fire  our 
kilns  with  gas  than  with  coal  but  not  our  boilers,  and  we 
returned  to  coal  for  firing  the  boilers.  The  kiln  as  an 
apparatus  is  much  more  economical  of  fuel,  in  my  exper- 
ience, measured  by  dollars  and  cents,  than  boilers,  because 
the  latter  in  its  work  chills  the  fire  gases  below  the  com- 
bustion temperature,  the  former  does  not. 

Mr.  Bleininger:  I  was  referring  to  the  effect  pro- 
duced. In  the  boiler  you  are  getting  effect  jneasured  by 
water  evaporation ;  in  the  kiln,  by  the  burning  of  the  ware 
to  a  certain  temperature.  From  this  standpoint  it  is  more 
economical  than  the  kiln. 

Mr.  Langenheck:  I  wanted  to  bring  out  what  might 
be  misinterpreted  in  that  point. 
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Mr,  Wheeler:  We  certainly  are  deeply  indebted  to 
Mr.  Bleininger  for  this  very  valuable  contribution,  show- 
ing what  we  do  not  know.  He  has  put  a  magnificent 
amount  of  work  there,  and  the  facts  are  very  clearly  and 
concisely  stated. 

I  will  atsik  one  question  to  bring  out  one  point  more 
clearly.  Were  those  kilns  selected  under  normal  condi- 
tions, with  the  common,  everyday  firing,  or  were  they 
specially  fired  by  expert  workmen,  and  was  there  any 
handling  of  the  kilns?  I  will  also  ask  Mr.  Bleininger,  in 
that  loss  which  he  ascribes  to  radiation  and  kiln  loss, 
whether  he  attempted  to  roughly  differentiate  between  the 
external  shell  loss  and  what  might  be  safely  deducted  as 
not  external  radiation?  If  he  could  give  us  a  hint  on  that 
it  would  be  greatly  appreciated. 

Mr,  Bleininffcr:  I  have  not  attempted  to  do  this. 
But  in  one  case  where  the  conditions  were  favorable,  where 
the  air  was  being  drawn  out  of  the  kiln  by  a  fan,  we  at- 
tempted to  measure  the  heat  retained  in  the  kiln.  We  in- 
serted a  pyrometer  and  later  on  thermometers  into  the 
goose-neck,  and  knowing  the  pressure  exerted  by  the  fan 
we  were  able  to  roughly  calculate  the  velocity.  I  have  not 
finished  the  work,  but  we  shall  be  able  to  calculate  the 
weight  of  the  air  and  the  temperature,  and  therefore 
roughJy  the  heat  taken  by  the  fan  from  the  kiln.  In  other 
plants  the  conditions  have  not  been  favorable. 

Answering  the  first  question,  I  will  say  that  the  con- 
ditions were  the  ordinary  conditions,  no  expert  help  being 
employed.  I  asked  the  superintendents  to  take  no  special 
precautions,  but  to  let  things  go  on  in  their  usual  way. 
Mr.  Merry  can  tell  us  how  he  found  conditions. 

Mr,  Merry :  As  to  whether  the  kilns  were  the  average 
or  not,  I  think  the  sewer  pipe  kiln  was  the  worst  on  the 
yard.    The  others  were  about  the  average  kiln. 

Mr.  Aubrey :  I  will  ask  Mr.  Bleininger  what  he  cal- 
culates the  heat  retained  bv  the  ware?  Is  that  heat  taken 
to  perform  the  mechanical  action  in  the  clay  ware? 

Mr,   Blehunycr:     The  calculated  heat   includes  that 
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required  for  the  expulsion  of  the  mechanical  water,  the 
raising  of  the  heat  of  the  clay  itself  from  the  atmospheric 
temperature  to  the  final  temperature,  and  tliat  taken  by 
the  expulsion  of  the  chemicar  water.  We  have  no  accurate 
figures  in  regard  to  the  heat  of  decomposition  of  the  hy- 
drous (*laT  substances.  I  have  assumed  it  to  be  200  calories 
per  gram  of  such  water. 


THE  FUNCTION  OF  ALUMINA  IN  A 
CRYSTALLINE  GLAZE. 

BY 

WoLSEY  G.  Worcester,  Columbus,  Ohio. 

In  studies  on  crystalline  glazes,  and  in  articles  that 
have  appeared  in  the  transactions  of  this  society  and  in 
the  various  trade  journals  from  time  to  time,  the  writer 
has  noticed  that  in  almost  everv  case,  our  American  inves- 
tigators  as  well  as  the  French,  have  used  a  type  of  glaze 
in  which  aluminum  oxide  is  absent,  while  most  German 
formulae  call  for  its  use. 

It  has  also  been  observed  that  0.05  e<iuivalents  alumi- 
num oxide  appears  to  be  the  amount  that  our  German 
co-workers  use  most  frequently. 

Seger*  says  that  the  introduction  of  alumina  to  a 
glaze  has  a  tendency  to  obviate  the  faults  that  are  to  be 
expected  in  a  glaze  free  from  alumina,  i.  e.,  tendency  to 
devitrification,  and  the  running  off  or  soaking  in  of  the 
glaze. 

Langenbeckf  says  that  it  is  the  alumina  and  similar 
elements  which  tend  to  keep  the  glaze  from  devitrification 
in  the  protracted  glost-fire. 

Why  do  the  Germans  use  alumina  in  their  glazes?  Is 
it  to  promote  the  growth  of  crystals,  or  to  produce  a  cer- 
tain type,  or  for  mechanical  reasons,  such  as  producing 
less  flow  in  the  molten  glaze  or  causing  the  glaze  ingre- 
dients to  float  better  and  stick  to  the  body  more  strongly, 
without  dusting? 

After  diligent  search  to  find  data  on  the  question,  and 
failing,  the  Avriter  decided  to  study  the  real  function  of 
alumina  in  a  crystalline  glaze. 

In  a  few  short  experiments  it  has  been  the  object  to 

*Vol.  IT,  p.  570.       tChemistry  Pottery,  p.  51. 
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try  and  show,  if  possible,  whether  alumina  hinders  or  pro- 
motes the  growth  of  crystals. 

PRELIMINARY  STUDY  OF  HEAT  TREATMENT. 

Realizing  that  it  would  be  unwise  to  start  upon  this 
investigation  without  first  studying  the  heat  treatment 
required  for  glazes  of  this  type,  and  proving  that  such 
glazes  could  be  reproduced  from  time  to  time  with  some 
degree  of  certainty,  four  glazes  were  taken  as  standards, 
not  for  any  special  reason  other  than  that  they  had  all 
produced  crystals  of  good  size  and  shape. 

The  heat  treatment  for  three  of  these  standard  glazes 
was  known,  while  as  to  the  fourth,  nothing  but  the  percent 
of  composition  could  be  obtained. 

The  glazes  were  as  follows: 

.7  ZnO       1     1.5  SiO.* 


.4  KaO          ) 

.6  MnO      i 

.75  SiO,* 

.33  KNaO  I 
.66- ZnO      » 

1.24  SiOi* 
.29  TiOa 

,30  K5O      ) 
.70  ZnO      [ 

1.70  SiOjt 
.29  TiO. 

In  the  case  of  No.  2,  the  black  oxide  of  manganese 
was  used,  but  by  later  information  it  has  been  learned  tliat 
Purdy  used  the  carbonate.  This  explains  the  failure  to 
reproduce  his  tyi)e  of  crysj^ls  in  the  glaze  of  the  same 
formula. 

In  the  case  of  No.  3  0.15  of  the  KNaO  was  from 
KNO3,  while  0.18  was  from  NagCOg. 

The  titanium  for  this  work  was  furnished  bv  the  Foote 
Mineral  Co.,  of  Philadelphia.  Two  grades  being  used,  one 
known  as  their  Ceramic  Iron-free  Rutile,  the  other,  as 
Standard  Ruby  Rutile,  or  TiOg.  As  to  the  results  obtained 
by  the  use  of  either  grade,  the  writer  has  been  unable  to 
detect  auv  difference. 


♦Purdy,  Trans.  American  Ceramic  Society,  Vol.  IX,  p.  378,  380,  400. 
tGates,  Trans.  American  Ceramic  Society,  Vol.  VIT,  p.  44. 
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After  weighing  out  and  mixing  the  various  ingred- 
ients for  each  glaze,  the  entire  batch  of  each  glaze  was 
placed  in  a  large-size  Hessian  crucible,  and  fritted,  one 
at  a  time,  in  a  pot  furnace  fired  with  natural  gas  and  com- 
pressed air. 

The  fritting  was  allowed  to  proceed  until  bubbling 
had  ceased,  and  the  fritt  could  be  easily  poured  out  of  the 
crucible  into  a  bucket  of  water.  The  fritt  was  then  placed 
in  a  ball  mill  and  ground  until  it  easily  passed  a  150  mesh 
sieve. 

Each  glaxe  was  now  put  into  pans  and  evaporated  to 
drj'uess,  passed  through  an  80  mesh  sieve  several  times  to 
insure  an  even  mixture,  and  was  then  put  into  glass  jars 
for  use. 

When  readj"  to  prepare  trials,  a  small  amount  was 
taken  out  into  a  saucer  and  worked  up  with  a  gum  traga- 
canth  solution  to  a  thick  slip.  Then  by  means  of  a  soft 
brush  it  was  applied  to  11/2x3  inch  vitrified  white  tiles  in 
a  thick  coating. 

The  trial  pieces  were  now  placed  in  small  setters,  and 
when  ready  to  fire  it  was  deemed  best  to  use  a  coke-coal 
fired  kiln,  to  folow  as  closely  as  possible  the  temperature 
curve  of  Purdy* 

A  pyrometer  was  used,  and  with  only  slight  variations 
Purdy \s  (*urve  was  reproduced  very  closely  up  to  the  max- 
imum temperature  of  1200  C,  but  our  kiln  being  of  a 
small  up-draft  type,  the  cooling  could  not  be  followed  at 
the  proper  rate. 

Results  of  Burn  1. 

Glaze  Xo.  1  had  become  bright  and  clear,  with  two 
small  star-like  crystals  of  the  common  variety  produced 
by  zinc  glaze,  and  about  y^  inch  in  diameter. 

Glaze  No.  2  had  produced  the  best  crystals  of  the 
burn.  Tliey  were  of  several  forms,  the  most  pronounced 
being  as  per  cut  Xo.  1. 

♦American  Ceramic  Society,  Vol.  IX,  p.  336. 
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All  were  black  with  an  iridescence  over  most  of  the 
surface. 

Glaze  No.  3  gave  very  slight  traces  of  crystals  of  the 
typical  fan-shape  variety  produced  by  zinc  where  the  glaze 
had  run  thin. 

Glaze  No.  4  gave  results  similar  to  No.  3. 

The  conclusions  drawn  from  this  burn  seemed  to  in- 
dicate that  while  the  glazes  did  not  crvstallize  in  a  very 
marked  way,  they  gave  good  indications  of  crystals  at 
least. 

The  heat  treatment,  or  rather  the  cooling  treatment, 
had  not  been  conducive  to  the  best  growth  of  crystals.  And 
further,  it  was  thought  necessary  to  use  a  kiln  in  which 
the  cooling  could  be  conducted  slower  or,  if  found  neces- 
sary, the  rate  of  cooling  could  be  changed  from  time  to 
time.  It  was  also  noted  that  the  glazes  had  given  the  best 
indications  of  crystallizing  where  they  had  run  most  freely. 

In  order  to  correct  the  cooling  conditions,  a  second 
burn  was  now  undertaken;  it  was  thought  best  to  apply 
the  glaze  on  vases  as  well  as  flat  surfaces,  lA  order  to  en- 
courage flow. 

When  the  trials  were  ready  they  were  placed  in  ordi- 
nary saggers,  which  had  been  washed  with  a  raw  lead 
glaze  inside,  and  were  fired  in  a  "Revelation''  kiln  equipped 
with  natural  gas  for  fuel  instead  of  oil. 

Purdy's  curve  was  again  closely  followed,  and  the  rate 
of  cooling  was  regulated  by  shutting  off  a  small  amount 
of  the  gas  supply  at  intervals  of  each  hour,  until  it  was 
thought  that  the  glaze  had  cooled  to  a  point  where  the 
crystals  could  not  longer  groAv. 

Results  of  Burn  2. 

This  burn  proved  more  satisfactory  than  the  previous 
one  by  producing  more  and  larger  crystals. 

In  the  zinc  type,  glaze  No.  1  applied  on  a  small  vase 
gave  numerous  star-like  crystals  of  snow  whiteness  float- 
ingin  a  dear  colorless  matrix.  Where  applied  on  small 
individual  butter  plates,  it  produced  a  matted  mass  of 


fine  needle  crystals,  some  threee- fourths  of  an  inch  long. 

In  j^iaze  No.  2  a  more  pronounced  type  of  the  manga- 
nese crystal  was  ohtainetl. 

In  Xos.  3  and  4  representing  the  zinc-titanium  mix- 
ture, a  nice  showing  of  crystals  was  produced,  which  pre- 
sented the  appearance  of  having  been  dwarfed  or  stunted 
in  their  growth,  possibly  hy  cooling  too  fas^t  at  the  point 
where  development  takes  place. 

if  was  evident  that  some  condition  necessary  to  the 
growth  of  the  crystals  had  not  yet  been  produc-ed,  and 
hence  the  growth  of  the  crystals  was  still  rather  feeble.    . 
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Kiddle's  cooliug  curve,"  aud  Mellor'»,v  shows  that  there 
should  he  a  period  durinji  the  cooling  where  the  crystals 
develop  the  best,  and  that  if  the  proper  time  or  tempera- 
ture could  be  found  iu  the  preseut  instance  it  would  only 
fie  necessary  to  hold  the  heat  at  that  point  until  the  crys- 
tals had  attained  their  best  growth,  and  then  cool  in  the 
ordinary  way. 

This  was  accomplished  by  burning  up  to  the  point 
where  the  glaze  was  very  fluid  and  then  cooling  slowly, 
drawing  trials  at  intervals  of  about  every  '25°C  until  the 
point  was  reached  where  the  crystals  began  to  appear.  The 
heat    was    allowed    to    drop    another    25   degrees    rather 

•Trans.  American  Ceramic  Society,  Vol.  VIII,  page  345. 
tTrans.  English  Ceramic  Society,  Vol.  V,  page  89. 
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quickly,  the  writer  thiiikiii}>:  that  a  slow  cooling  at  the 
point  where  the  crystals  begin  to  appear  or  form  would 
have  a  tendency  to  start  too  many  of  them  growing.  So  it 
was  deemed  best  to  cool  quickly  at  this  point,  only  allow- 
ing a  few  crystals  to  start  and  then  cool  slow,  allowing 
them  to  grow.  This  was  carried  out  as  near  as  possible, 
with  the  following  results: 

Results  of  Burn  3. 

( I  laze  No.  1  on  a  vase  produced  a  fine  large  crystalli- 
zation over  the  entire  surface. 

Glaze  No.  2  did  not  develop  crystals  to  any  great 
extent,  but  some  very  interesting  specimens  of  the  three 
pointed  star-type  and  of  larger  size  than  before  were  ob- 
tained. 

(Hazes  Nos.  3  and  4  were  applied  on  a  small  butter 
dishes,  and  developed  into  a  mass  of  perfect  fan-shaped 
crystals,  the  coloring  and  luster  of  which  were  very  beauti- 
ful. The  color  was  a  dark  straw  vellow,  with  borders  of 
reddish  material  around  the  crystals  of  No.  4. 

Also  see  curve  for  this  burn  marked  No.  3  on  plate 
No.  IV. 
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Results  of  Burn  4. 

A  fourtli  burn  was  now  made,  at  a  final  temperature 
100°C  lower  than  No.  3,  thinking  that  possibly  it  would 
not  be  necessary  to  go  so  high.  The  cooling  was  varied 
somewhat,  dropping  a  little  lower  from  the  finishing  heat 
and  then  holding  the  temperature  two  hours  instead  of  one. 

The  results  of  this  burn,  marked  4,  plate  V,  were  not 
to  be  compared  with  those  of  burn  No.  3  for  beauty.  There 
were  well  formed  crystals,  but  they  lacked  the  sparkle  of 
those  of  the  previous  burn. 

The  lesson  drawn  from  this  burn  was  as  follows: 

In  a  glaze  of  this  type  it  is  necessary  to  carry  the  burn 
to  such  a  point  that  the  glaze  becomes  very  fluid,  in  order 
that  all  material  in  the  glaze  may  come  to  a  state  of  com- 
plete solution,  then,  when  the  cooling  takes  place,  the 
crystallizing  ingredients  can  easily  separate  from  the  bal- 
ance of  the  glaze,  and  continue  to  grow  until  they  are  used 
up,  or  the  temperature  has  dropped  to  a  degree  where  the 
glaze  stiffens  to  a  condition  where  further  growth  is 
impossible. 

It  will  be  seen  that  in  the  case  of  crystal  glazes  on 
vertical  walls,  that  it  is  very  necessary  to  cool  very  rapi-dly 
for  a  short  time  after  the  maximum  temperature  has  been 
reahed,  in  order  to  prevent  the  glaze  from  draining  off  the 
ware  completely. 

Results  of  Burn  5. 

It  was  thought  advisable  to  carry  out  another  burn 
similar  to  No.  3,  to  see  if  the  results  could  be  duplicated. 
About  the  onlv  difference  in  the  two  burns  was  in  the  time 
consumed  in  reaching  the  highest  temperature,  burn  No.  5 
taking  about  three  hours  less  in  reaching  the  maximum 
temperature.  It  had  been  the  opinion  of  the  ^\Titer  that  it 
did  not  make  very  much  difference  on  a  glaze  of  this  type 
as  to  the  time  of  heating  up. 

The  results  of  burn  No.  5  were  in  everv  wav  similar 
to  No.  3,  the  crystals  being  of  good  size  and  well  developed. 
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CRYSTALUZATION  EXPKRIMEXTS  WITH  ADDITION  OF  ALL-MINA. 

It  was  now  thought  that  the  real  work  could  be  under- 
taken, as  the  composition  and  habits  of  gi'owth  of  four 
glazes  was  pretty  well  established. 

A  small  series  was  planned,  Table  I,  to  show  if  pos- 
sible what  the  nature  of  the  effect  of  alumina  would  be 
on  a  zinc-titanium  glaze. 

TABLE  I. 


No. 


KsO 


ZnO    AlsOg 


SiOs     TiOj 


Remarks 


A 

0.30 

0.70 

0.00 

1.70 

0.24 

All  Fritted 

A- 1 

0.30 

0.70 

.01 

1.70 

0.24 

A-2 

0.30 

0.70 

.02 

1.70 

0.24 

^-3 

0.30 

0.70 

.03 

1.70 

0.24 

• 

A-4 

A-5 
A-6 

0.30 
0.30 
0.30 

0.70 
0.70 
0.70 

.04 
.05 
.06 

1.70 
1.70 
1.70 

0.24 
0.24  ! 
0.24  I 

• 

.From  No.  4  and  A- 10 
Blended 

4 

A  7 
A-8 

0.30 
0.30 

0.70 
0.70 

.07 
.08 

1.70 
1.70 

0.24 
0.24 

v» 

A-9 
A-io 

0.30 
0.30 

0.70 
0.70 

.09 

O.IO 

1.70 

1.70 

0.24 
0.24 

All  Fritted 

k 

As  will  be  seen  by  the  table,  this  series  was  prepared 
by  fritting  the  two  extremes  and  then  blending  the  inter- 
mediates. 

The  A-10  fritt  was  exceedingly  hard  to  fuse,  in  fact, 
it  did  not  come  a  point  beyond  a  good  slag  of  a  stony 
nature. 

After  thoroughly  blending  these  glazes  they  were 
applied  to  small  vitrified  porcelain  tile  and  fired  in  the 
usual  way,  following  the  curve  of  burn  No.  3,  as  near  as 
possible. 

Reaults. 

By  referring  to  the  cut.  Fig.  5,  it  will  be  seen  that 
glaze  A-1  has  produced  at  one  end  of  the  tile  fan  crystals 
of  good  size.  No  difference  can  be  seen  between  the  crys- 
tals on  this  trial  piece  and  those  of  the  regular  zinc-titan- 
ium tvpe. 
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A-2  had  changed  verj'  materially  from  the  regular 
fan  type. 

Instead  of  having  a  growth  of  a  few  fan  crystals  the 
entire  surface  of  the  tile  is  made  up  of  needle  crystals,  very 
fine  and  greatly  interwoven  one  with  another. 

AS  is  verv  much  the  same  a>5  A-2  except  that  there 
are  not  so  many  crystals.  The  glaze  matrix  seems  to  be 
more  dry  and  stony. 

A-4.  This  glaze  has  the  texture  of  a  semi-matt,  but  is 
entirelv  free  from  anv  crvstals  so  far  as  the  eve  can  detect. 

A-5-6-7:8  can  be  described  together.  They  all  present 
a  semi-nmtt  appearance,  smooth  to  the  touch,  and  have 
no  signs  of  crystals.  Their  color  is  gray  with  tinges  of 
yellowish  grc^en. 

A-9.  This  ghize  has  semi-fused,  but  was  evidently  not 
soft  enough  to  run  smooth.  There  are  still  remaining  in 
its  surface  small  pits  or  bubbles.  No  signs  of  crystals  are 
visible. 

A-10.  The  glaze  of  this  number  is  void  of  crystals, 
and  while  it  is  vitrified  it  is  only  glossy,  and  at  one  end 
of  the  tile  it  is  dry  and  full  of  pin  holes. 

Conclusions. 

This  set  of  trials  seem  to  show  us  that  alumina  has 
changed  the  type  of  crystal  from  that  of  fan  shape  to 
needle  crystals. 

Also  that  0.04  alumina  in  the  glaze  has  so  changed  it, 
most  likelv  in  a  phvsial  wav,  that  further  ervstallization 
is  impossible  at  the  temperature  used.  It  is  not  at  all 
unlikely  but  what  this  entire  series  would  develop  crystals, 
if  it  were  possible  to  attain  the  proper  heats  to  produce 
fluidity  of  the  glazes. 

This  burn,  also,  showed  very  clearly  that  it  would  be 
very  inconvenient  to  take  for  the  starting  point  of  our 
future  work  glazc^s  requiring  such  high  temperatures  to 
mature  as  those  used  up  to  the  present  time.  (About 
Cone  12). 

A  new  series  was  therefore  planned,  with  the  object 
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of  producing  a  glaze,  having  a  melting  point  low  enough  to 
enable  us  to  use  0.1  alumina  and  still  melt  at  Cone  10* 

It  was  decided  at  this  point  in  the  work  to  devote  the 
study  to  a  simple  zinc  glaze  in  order  not  to  have  too  many 
elements  present  at  one  time,  that  might  affect  the  growtli 
of  the  crystals. 

A  glaze  was  prepared  of  the  following  formula : 


•5^7nn  I    0.0AI.O,      r-^Ro 


And  after  fritting  the  entire  batch,  it  was  ground  to 
pass  a  150  mesh  sieve,  then  evaporated  to  dryness  and 
passed  through  an  80  mesh  sreen  several  times  to  insure  a 
proper  mixture.  A  part  of  this  mixture  was  made  into  a 
slip  condition  by  the  use  of  gum  solution.  Tiles  were 
now  prepared  by  applying  the  glaze  with  a  brush. 

At  the  same  time  a  number  of  cones  were  made  from 
the  glaze.  When  the  kiln  was  set  three  of  these  cones  were 
placed  where  they  could  be  watched,  the  idea  being  that 
when  they  melted  down  it  would  give  a  warning  that  our 
glaze  was  reaching  maturity. 

This  occurred  close  to  Cone  1.  The  temperature  was 
maintained  at  this  point,  trials  being  drawn,  at  intervals 
of  one-half  hour,  and  at  the  third  draw,  the  glaze  htid  be- 
come clc^r  and  fluid. 

From  this  point,  the  kiln  was  allowed  to  cool  rapidly 
for  one  hour.  The  temperature  at  the  end  of  that  time  w^as 
held  for  another  hour  and  the  kiln  was  then  closed. 

Cut  No.  6  shows  the  results  of  this  burn  very  nicely. 
Crystals  of  fairly  good  size  have  been  formed.  It  will  be 
seen  that  around  the  edge  of  the  tile  we  have  a  l)order  of 
peedle  crystals,  while  the  central  area  of  the  tile  shows 
the  star- type. 

Taking  into  consideration  the  temperature  at  which 
this  glaze  matured,  and  the  ease  with  which  it  developed 
crystals,  it  was  thought  safe  to  plan  future  work  with  this 
as  a  basis. 

In  considering  the  problem,  the  question  arose  as  to 


462 


THE   FUNCTION    OF   ALUMINA    IN    A    CPYSTALLINE   GLAZE. 


how   the  alumina   would  act,   if  derived   from   difiFerent 
sources.     Hence  a  series  was  planned  as  follows: 


To 

.33  Na,0\    n  T  A10        i 
.66  ZnO  ;    °'  ^'=^-       1 


.20  BaOj 

i.6o  SiOa 


i.6o  SiO» 
.20  BiOj 


GROUP  I. 


1 

No. 

1 

1 

NajO  ' 

1 

1 

ZnO 

Al20« 

SiOs 

B2O8 

Remarks 

520 

0.33 

0.66  1  0.1 

1.60 

0.20 

All  Fritted 

518 

0.33 

0.66 

O.CQ 

1.60 

0.20 

516 

0.33 

0.66 

0.08 

1.60 

0.20 

514 

0.33 

0.66 

0.07 

1.60 

0.20 

512 

0.33 

0.66 

0.06 

1.60 

0.20 

Alumina    introduced 

from 

510 

0.33 

0.66 

0.05 

1.60 

0.20 

clay  which  was  fritted 

as  a 

508 

0.33 

0.66 

0.04 

1.60 

0.20 

part  of  the  total  batch. 

506 

0.33 

0.66 

0.03 

1.60 

0.20 

504 

0.33 

0.66 

0.02 

1.60 

0.20 

502 

0.33 

0.66 

O.OI 

1.60 

0.20 

500 

0.33 

0.66 

0.0 

1.60 

0.20 

All  Fritted 

GROUP  II. 


540 
538 
536 

534 
532 
530 
528 
526 

524 
522 

500 


No.     I  NasO     ZnO 


0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 


0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 


AbOs 


O.I 

0.09 
0.08 
0.07 
0.06 

0.05 
0.04 

0.03 
0.02 

O.OI 
0.00 


SiOs 


B2O8 


.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 


0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 


Remarks 


All  Fritted 


All  alumina  used  in  this 
group  was  derived  from  the 
oxide  fritted  as  a  part  of  the 
batch. 


All  Fritted 
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GROUP  III. 


560 

558 
556 

554 
552 
550 
548 
546 
544 
542 
500 


No.     KNaO    ZnO     AljOa 


Si02      BsOs 


0.66 

0.1 

1.60 

0.20 

0.66  1  0.09 

1:60     0.20  1 

0.66 

0.08 

1.60 

0.20 

0.66 

0.07 

1.60 

0.20 

0.66 

0.06 

1.60 

0.20 

0.66 

0.05 

1.60 

0.20 

0.66 

0.04 

1.60 

0.20 

0.66 

0.03 

1.60 

0.20 

0.66 

0.02 

1.60 

0.20 

0.66 

O.OI 

1.60 

0.20 

0.66  . 

0.00 

1.60 

0.20 

1 

. 

Remarks 


All  Fritted 


All  alumina  in  this  group 
was  derived  from  feldspax 
fritted  as  a  part  of  the  batch. 


All  Fritted 


GROUP  IV. 


No. 

Na20 

ZnO    AhOs 

SiOs 

B2O8 

Remarks 

580 

0.33 

0.66 

0.1 

1.60 

0.20 

All   alumina   derived   from 

578 

0.33 

0.66 

0.09 

1.60 

0.20 

• 

576 

0.33 

0.66 

0.08 

'  1.60 

0.20 

• 

1 

574 

0.33 

0.66 

0.07 

1.60 

0.20 

572 
570 
568 

0.33 
0.33 
0.33 

0.66 
0.66 
0.66 

0.06 
0.05 
0.04 

1.60 
1.60 
1.60 

0.20 
0.20 
0.20 

clay  added  as  a  raw  addition 
to  the  fritted  batch. 

566 

0.33 

0.66 

0.03 

1.60 

0.20 

564 

0.33 

0.66 

0.02 

1.60 

0.20 

562 

0.33 

0.66 

O.OI 

1.60 

0.20 

561 

0.33 

0.66 

0.00 

1.40 

0.20 

All  Fritted 

The  above  group,  containing  raw  clay  for  the  .source 
of  alumina,  was  made  by  preparing  the  following  fritt,  in 
order  not  to  introduce  too  much  silica  upon  the  addition 
of  the  raw  clay : 

.33  Na,0  (     o  o  A1  O         )  '  ^^  SiO= 
.66  ZnO    (     °-^  ^^'^'       }    .20  B,03 

After  fritting,  one-half  of  it  was  taken  and  to  it  was 
added  .10  equivalent  AI2O3  from  raw  clay,  giving  us  the 
formula   r 

.33  Na=0(     „  ,0  \10       \^-^  S^^' 
.66  ZnO    S     "'^  '^^'^'      I    .20  B,Oa 
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The  clay  was  ground  with  the  fritt  in  a  ball  mill  until 
all  passed  a  150  mesh  screen. 

In  making  the  blends  for  the  four  groups,  the  parts  of 
each  extreme  were  carefully  weighed  out  and  dry  mixed, 
then  made  into  a  slip  by  the  use  of  gum  solution,  and  again 
mixed,  producing  what  would  s^m  to  be  a  very  intimate 
mixture. 

These  glazes  were  then  applied  to  small  liA"x3"  white 
wall  tile,  by  means  of  a  brush,  dipping  having  been  found 
to  be  very  difficult. 

They  were  then  placed  in  tile  setters,  holding  eight 
tile  each.  The  entire  four  groups  were  placed  in  the 
Calkin's  Kevalation  kiln  and  fired  with  gas,  giving  the 
curve  shown  by  Plate  VII. 

Results, 

Group  L  All  alumina  derived  from  clay  fritted  di- 
rectly into  the  glaze,  No.  500.  This  tile  has  an  area  of 
about  one-flfth  of  its  surface  that  is  made  up  of  fine  needle 
crvstals.  The  balance  of  the  surface  is  a  drv  devitrifled 
coating  containing  some  large  open  bubbles  near  the  edges. 
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GROUP  X. 
CONTAINING  AtO^  PROM  CLAY  FRITTED  WITH  THE  BATCH 


IW. 


REMARKS 


520 


5\2f 


516 


514 


512 


510 


50ft 


506 


504 


502 


5O0 


,    '/,/.  //I 


/A 


'// 


,'//• 


// 


0.06 


ao3 


0.04 


0.03 


0.0^ 


0.01 


o.oo 


SOMt  YEW  BCAUTirUL  STAR 

AndFan-Ukc  Crystals 

AReAaiscovERctwrmA 
SimOFORMfscENT  Enamel. 


TiLt  Almost  CoYEReo  With 
Crystals,  Only  A  Small 
Corner  Of  Semi  Matt 
Remaining  . 


Same  AS  512  Except  That 
White  Enamel  Area  is 
Large,  crystals  are  of 
A  Fine  Pearly  Luster. 


Smaller  Area  or  Crystals 
But  Are  Very  Nicely 

FiORMEO.  BALANCEOF'^ 

Glaze  Rather  Rough. 


Very  Beautiful  Crystals 

Only  Small  AREANoiCovcRc 
alsoHasSmau  Patch  OP 
WHITE  Enamel  Like  Blaze. 


less  Number  OfCrystals 

Than  508  But  LARGER. 
Rest  Or  Glaze  Semi-Matt 


SoMi^  WEa  Developed  Bar 
And  Fah-Shapeo  Crystals. 
Balance  Of  Qlaze  Nice 
Semi -Matt. 


A  Number  Of  Very  Nice  Star 
Crystals  Blenoins  Opp 
Into  Pine  Bar-Crystals. 
Rest  Op  Olazc  Semi-matt. 


Same  As  502. 


VERY  SMALLAREAOFCRYSTIJ. 

Balance  Of  Qlaze  Badly 
Broken  By  BubblesAnp About 
A  Semi-Matt  Texture. 


Has  Small  AreaOf  Needle 
Crystals,  Balance  OtGlaze 
Rather  Dry  And  Harsh 
Broken  By  a  Few  Bubbles. 


A.  C.  S.— 21 
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The  small  area  of  cryKtals  graduallj*  blends  from 
crystals  one-quarter  inch  long  to  smaller  and  smaller  ones, 
which  finally  disappear  in  the  devitrified  coating.  Xo 
doubt  if  this  latter  surface  could  be  examined  with  a  glass 
it  would  show  crystallization. 

No.  502. — Shows  an  irregular  devitrified  coating, 
badly  broken  by  bubbles,  more  especially  near  the  edges. 
On  one  tile  there  can  be  seen  three  small  areas  in  which 
fine  needle  crystals  are  just  breaking  through  the  surface. 

No.  504. — This  number  appears  very  much  like  502, 
badly  devitrified,  showing  a  few  small  crystals.  At  the 
bottom  of  the  larger  bubbles  can  be  seen  needle  crystals 
radiating  like  the  spokes  of  a  wheel. 

No.  306. — At  tliis  point  we  reach  a  condition  where 
the  crystals,  of  a  shape  resembling  the  little  flower  known 
as  Spring  Beauties,  appear.  About  one-third  of  one  tile 
is  covered  with  crystals.  The  balance  of  the  tile  is  of  a 
rough  or  crystalline  surface.  The  otlier  tile  of  this  number 
shows  but  a  faint  sign  of  crystals,  but  the  surface  where 
not  blistered  has  a  fijie  soft  matt  finish,  showing  a  slight 
dapple  marking. 

No.  508. — One  tile  in  this  set  shows  good  crystalliza- 
tion over  about  cme-third  of  its  surface,  the  balance  being 
of  a  soft  matt  nature.  The  other  tile  of  this  number  is 
somewhat  blistered,  but  the  main  surface  of  the  tile  is 
matt.    Crystals  only  a  pear  in  the  bubbles. 

No.  510. — On  botli  tiles  of  this  number  we  have  an 
area  equal  to  about  one^-quarter  of  the  tik,  that  has  pro- 
dued  crystals  of  a  size  large  enough  to  be  seen.  The  bal- 
ance of  the  tile  has  blistered  slightly,  but  for  the  most 
part  is  matt. 

No.  512. — One  tile  in  this  set  has  produced  fine  crys- 
tals over  the  entiiv  surface,  except  for  a  very  small  area 
at  one  corner. 

It  can  be  seen  that  there  is  a  border  of  fan  crystals 

ft- 

pointing  inward,  while  tlie  central  area  seems  to  be  of  a 
second  or  finer  growth  of  crystals,  very  soft  and  closely 


blended  toKether.  Tlie  other  tile  of  this  number  Las  not 
developed  ervHtals,  at  least  not  to  the  naked  eye. 

No.  514. — Both  tiles  of  this  duuiIkt  have  developed 
crystalline  areas  e<|iial  to  about  one-lialf  the  surfai-e.  The 
crystals  are  well  foniied  of  the  fan  type.  The  rest  of  the 
snrfat-e  is  matt,  but  not  so  smooth  to  the  toufh  as  the  ones 
lower  in  alumina. 

No.  516. — One  tile  in  this  set  has  developed  a  iai^e 
growth  of  crystals  over  all  its  surface,  except  a  small  por- 
tion at  one  end.  This  tile,  like  the  one  in  512,  has  a  sec- 
ondary growth  of  crystals.  In  the  central  part  of  the  crys- 
talline area  there  is  to  be  seen  a  small  space  of  white 
enamel-like  material.    This  white  substance,  in  the  writer's 


468  THE   FUNCTION    OF    ALUMINA    IN    A    CRYSTALLINE    GLAZE. 

mind,  is  the  same  as  that  enterinp;  into  the  completed  crys- 
tal, but  the  cooling  dropped  below  the  point  where  it  could 
be  absorbed  bj  the  growing  crystals. 

The  other  tile  has  its  entire  crystal  portion  made  up 
of  fine  needle  crystals,  just  breaking  through  the  nwss  of 
glaze.    The  surrounding  glaze  is  a  fairly  good  matt. 

No.  518 — One  tile  of  this  number  has  developed  a 
fine  growth  of  crystals,  all  but  one  small  corner  of  the  tile 
being  highly  crystalline.  The  central  area  of  this  tile  is 
made  up  of  soft  delicate  crystals.  The  other  tile  has  crys- 
tallized into  large  fan  crystals  over  about  one-third  of  its 
surface,  the  balance  being  matt. 

No.  520. — Koth  tiles  in  this  case  have  developed  good 
crystals,  one  somewhat  better  than  the  other.  The  tile 
repres(*nted  in  the  cut  shows  an  area  of  aliout  three- fourths 
of  a  square  inch,  that  is  made  up  of  the  white  enamel-like 
material,  spoken  of  before. 

The  area  of  the  other  tile  not  covered  by  crvstals  is 
of  a  rough  nmtt  texture. 

Coucluffions. 

The  conclusions  to  Ik?  drawn  from  this  group  as  a 
whole  seems  to  point  to  the  fact  that  aluminum  oxide  in 
amounts  of  .03  equivalents  up  to  0.1  equivalents  at  this 
temperature,  (^one  10,  is  beneficial,  either  in  promoting 
the  growth  of  the  crjstals,  or,  in  holding  the  glaze  from 
devitrifying  and  becoming  dry. 

The  l)est  crystals  appear  in  Nos.  512,  514,  516,  518, 
520,  with  518  showing  about  the  best  distribution  of  crys- 
tals. 

(iroup  IL  Alumina  derived  from  aluminum  oxide 
fritttnl  into  the  glaze. 

No.  522. — On  one  tile  this  glaze  has  become  a  dry 
devitrified  coating,  badly  blistered,  but  in  a  numl)er  of 
broken  bubbles  a  few  needle  crystals  can  be  seen. 

The  other  trial  shows  a  much  smoother  surface,  with 
only  a  few  bubbles,  while  at  several  points  on  the  surface 
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GROUP  I 
CONTAINING  M^  ''MM  ALUMINUM  OXIK  mfTTeD  WlTtlTIC BATCH. 


NO. 


540 


535 


536 


534 


552 


530 


5£a 


5Z6 


'//mm, 


'//. 


'/■ 


""g.-y 


« 


524 


5Z2 


500 


^ 
* 


^ 


Hi 


Al^ 


0.10 


0.03 


0.08 


REMARKS 


Crystals  Not  0Luitc5o 
WeuDcveiopcd  But  MORE 

COMPLrSTAR-LlKEONtS. 

Balance  OrQuzefUTHeRSTWY 


Same  In  Every  Respect 
As  536 


MOST  OP  Tile  Covered  By 
BcAUTiFUL Pearly  Crystals 

Mas  Small  AREA  Of  W^iTE 
Enamel  Like  Qlaze. 


0.07 


0.06 


0.05 


0.04 


Same  As  524. 


Area  Of  CRYSTALS  Made 
UpOfAMassOfSmallFam 
Crystals  Rest  Of  Glaze 
Nice  White  Matt. 


Same  As  529. 


Small  AreaOf  Fan-Crystais 
Rest  Of  Glaze  Broken  By 

fEwBUBBLES.HASNlCE 

Matt  Texture. 


0.03 


a02 


0.01 


Same  As  524. 


Crystals  Appear  In  Open 
Bubbles  Only.  Baunce 
OfGlaze  Nice  Soft  Matt 
But  Many  Bubbles 


Slight  Showing  Or 
Crystals,  Balance 
OF  Glaze  Matt. 


aoo 


No  Crystals.  Semi- Matt 
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small  patches  of  needle  crystals  can  be  plainly  seen,  as 
well  as  appearing  in  the  open  bubbles. 

No.  524. — The  trials  of  this  number  show  about  the 
same  difference  as  in  522,  one  being  somewhat  dry  and 
rough,  but  in  a  few  open  bubbles  some  crystals  are  to  be 
seen. 

The  other  trial  has  its  surface  broken  by  several  large 
bubbles  in  which  crystals  can  be  noted.  The  rest  of  the 
glaze  is  a  soft  matt  texture. 

No.  526. — In  all  respects  the  two  trials  of  this  number 
are  the  same  as  524. 

No.  528. — In  this  set,  one  trial  has  developed  a  small 
area  of  crystals,  covering  about  one-quarter  of  its  surface, 
balance  being  matt.  The  other  trial  does  not  show  any 
crystals  on  the  surface,  but  one  large  open  bubble  shows 
a  few  needles. 

No.  530. — One  trial  has  produced  a  small  patch  of 
crystals  near  the  center  of  the  tile  equal  to  about  one-fifth 
of  the  total  area;  the  surrounding  area  is  matt,  while  on 
the  edge  and  end  of  the  tile  the  glaze  is  breaking  bright, 
with  extremely  small  crystals  projecting  out  into  it  from 
the  neighboring  matt  portion.  This  seems  to  point  in  the 
direction  that  the  devitrifled  or  matt  surfaces  aiHi  crys- 
talline. 

The  other  tile  of  this  number  is  a  fine  soft  matt,  a  few 
blisters  on  the  border.    One  open  bubble  «<hows  a  few  small 

crvstals. 

t. 

No.  532. — In  this  set,  one  trial  has  developed  crystals 
over  about  one-third  of  its  area,  large  crystals  gradually 
blending  out  into  the  surrounding  mass  of  matt  glaze. 
The  other  trial  of  this  number  has  a  small  are  of 
rather  fine  needle  cr.ystals.  One  open  bubble  shows  crys- 
tals on  the  inside.  The  balance  of  the  glaze  is  of  a  nice 
soft  matt  texture. 

No.  534. — The  best  tile  of  this  number  has  a  mass  of 
crystals  over  about  one-half  of  its  area.  These  crystals 
seem  to  grow  smaller  and  smaller  from  the  area  of  greatest 


growth,  until  tliey  softcu  out  into  tlie  Horroiindiug  matt 
glaze. 

The  seiond  trial  does  not  sliow  any  crystals  to  the  eye, 
but  is  a  fine  soft  matt.  There  still  remains  one  bubble  in 
this  glaze. 

No.  536. — In  this  number  we  get  our  first  strong  ile- 
relopment  of  crystals.  The  tile  represented  in  the  cut 
has  become  crystalline  over  its  entire  stirfaoe  except  for 
a  small  part  at  one  corner.  In  this  tile  we  have  the  same 
growth  of  extremely  soft  crystals  inclosing  a  small  area 
of  the  white  opaque  glaze,  similar  to  516  spoken  of  Itefore. 

The  other  tile  is  a  fine  matt,  a  little  rough  in  texture, 
nithout  any  signs  of  crystals. 
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No.  538. — Both  tiles  of  this  number  show  a  strong 
growth  of  crystals,  covering  all  but  about  one-fifth  of  the 
area.  The  crystals  are  all  pointing  to  the  center  of  the 
tile.  The  outer  ring,  so  to  speak,  is  made  up  of  large  fan 
shaped  crystals.  These  in  turn  are  fringed  with  a  border 
of  verv  fine  silkv  crystals.  This  border  in  turn  surrounds 
a  small  area  of  the  milky  opaque  glaze. 

No.  540. — While  the  crystals  in  this  set  are  not  as 
well  developed  as  in  538,  they  are  well  distributed  over 
both  trial  piec^es,  forming  about  one-half  the  surface.  The 
balance  of  the  glaze  is  a  rough  mat*,  very  evidently  broken 
bv  a  crystalline  structure. 

Cotwlusions. 

In  comparing  this  group  with  the  previous  one,  it  can 
be  seen  that  the  crystalline  development  in  this  group  is 
not  quite  so  pronounced  as  that  of  Group  I.  While  there 
are  just  as  good  cryt^tals,  there  are  not  so  many  of  them. 

In  Grcmp  I  we  have,  in  both  sets  of  trials,  noticeable 
crystalline  development  on  twelve  tiles,  while  in  Group  II 
we  have  only  ten.  This  small  difference  might  have  been 
caused  by  a  different  rate  of  cooling  at  opposite  ends  of 
the  kiln. 

It  will  be  noticed  that  marked  development  of  crystals 
begins  at  about  the  same  point  in  l)oth  groups.  At  .03 
equivalents  alumina  in  Group  I  and  at  .04  equivalents  in 
Group  II. 

It  is  also  quite  noticeable  that  we  get  our  best  crys- 
talline development  in  both  groups  at  about  the  same 
alumina  content,  namely,  at  516  and  518,  Group  I,  and 
at  536  and  538  in  Group  II,  >\ith  .08  and  .09  alumina  con- 
tent respectively. 

AVe  obtain  the  same  devitrified  coatings,  badly  pit 
marked  by  open  bubbles,  at  the  low  alumina  content  in 
each  group. 

(iroup  III.  Alumina  derived  frcmi  feldspar  fritted 
into  the  glaze. 

No.  542. — Both  trials  of  this  set  are  somewhat  devitri- 
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560 
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556 
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REMARKS 

TlLtbfRtN5tDWmiVCRY 

BeautifulCrystals.  Space 
Marked  a  Is  Opalescent. 

5PACE  MARKEDib  IS  A  CLEAR 
GLAZEfMDOF  Tile  MATT. 


Pine  Well  Developed 
Crystals,  AaPdiMTiHc  To 
Center  OpTile  vtRYSMAt 
AREA  Of  White  Enamel. 


Tile  Nearly  Covered 
With  Fine  Beautiful  Fan- 
Crystals.  HASASMAU: 

Area  Of  Opalescence. 


Nearly  TriE  Entire  Tile 

Is  COVERED  With  FlWBEAUTim 

Fan  CRYSTALS.  A  Small 
Area  In  The  Center  is  OF 
AWhite  Enamel  APPEARAHci 


About  MalfOf  Tile  Covered 
By  Well  Developed  Fan- 
Crystals.  Rest  Of  Glaze 
RATriER  Rough. 


VERY  Beautiful  5tar 
Or  Flower-Iike  Crystals 
BalanceOf  Glaze  RatyierSidny 


Large  Number  OfGrystals 
Just  APPEARING  through 
The  MatrdiOfSurrounoimg 
Matt  Glaze. 


5MALL  Area  Of  Larger 

CRYSTALSr^URROUNDINaGUZE 

Somewhat  Softer  To  The  Touch 


AfEWMORECRYSTALSTHAN 

54i  Radiating  OutInto 
Clear  GLAZE.  Balance  Of 
Glaze  Dull  and  Stony 


A  Few  Small  Crystals 
At  One  Corner.  Balance 
Of  Glaze  5tony 


JubT  A  Trace 
Of  Nee  OLE  Crystals 
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fied,  with  numerous  open  bubbles.  On  each  trial  there 
appears  a  small  patch  of  fine  needle  crystals.  The  border 
of  each  tile  shows  the  glaze  to  be  bright  or  glossy. 

No.  544. — One  tile  in  this  set  has  become  rough  and 
devitrified,  without  any  showing  of  crystals.  The  other 
tile  still  has  patches  of  bright  clear  glaze  in  which  star 
crystals  have  formed.  Evidently  it  is  necessary  for  us  to 
have  a  fluid  matrix  for  the  crystals  to  grow  in. 

No.  546. — The  trials  in  this  ca«e  show  a  slightly  more 
crystallizing  tendency  than  544.  Both  tile«  show^  patches 
of  crystals  surrounded  by  a  matt  matrix.  The  latter  being 
blistered  quite  badly.  Some  crystals  appear  in  the  open 
bubbles. 

No.  548. — One  tile  of  this  number  is  nearly  covere^l 
with  fine  bar  and  star-like  crj^stals  intermixed  with  a  de- 
vitrified coating,  a  few  bubbles  appearing  in  this  coating. 

The  other  tile  is  a  soft  matt,  spoiled  in  part^vby  a  num- 
ber of  bubbles,  showing  a  few  very  fine  bar  crystals. 

No.  550. — This  number  has  produced  very  fine  crys- 
tals on  both  tile,  covering  about  two-thirds  of  the  surface. 
There  is  a  nmrked  difference  in  the  crystals  on  the  two 

Ik 

trials.  In  the  one  case  the  crystals  are  of  the  star  or 
flower  type,  that  is,  the  bars  radiate  from  a  common  center 
in  all  directions  e<iually.  While  on  the  other  tile  they  are 
only  parts  of  stars  shooting  forth  from  the  surrounding 
glaze  matrix.  Seemingly  after  these  had  attained  a  length 
of  about  one-half  inch,  the  ends  of  the  crystals  spread  out 
into  a  fine  delicate  mass  of  crystals,  so  fine  in  fact  that 
this  area  bei'omes  almost  opaque. 

No.  552. — Both  tile  in  this  set  have  formed  gcxnl  areas 
of  cry.^als,  eipial  to  about  one-half  the  surface  of  on^*,  and 
al)out  one-third  of  the  other.  The  tile  with  the  most  crys- 
tals has  a  matrix  of  glaze  surrounding  the  crystals,  that 
is  largely  crystalline,  for  they  appear  very  lightly  over 
most  of  the  surface.  In  the  case  of  the  other  tile,  the  sur- 
rounding glaze  is  a  nice  smooth  matt. 

No.  554. — At  this  point  the  crystals  appear  in  great 
profusion,  overing  the  entire  tile  in  one  case,  with  crystals 
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of  a  beautiful  pearly  luster.  The  other  tile  lias  well  de- 
veloped crystals  over  nearly  all  of  its  surfate,  but  they  are 
for  the  most  part  small  needle  irystals.  At  oue  corner  of 
the  tile  there  is  a  small  area  of  bright  clear  fjlaze  into 
which  the  needle  crystals  have  spread  out  like  faus. 

No.  556. — The  crystals  in  this  set  have  made  a  sti"oug 
growth  on  both  tile.  They  are  Hite  beautiful  pear!,  sur- 
rounding a  small  area  of  glaze,  and  have  tlie  api>oaraiice 
of  opalescence.  Very  little  of  the  glaze  remains  in  a  matt 
condition. 

No.  558. — This  pair  of  trials  is  very  much  the  same  as 
556,  except  that  on  one  tile  there  has  developer!  an  area  of 
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milky  opalescence  eiiual  to  about  one-third  of  the  tile,  the 
largest  area  of  this  material  so  far  seen. 

No.  560. — ^At  this  number  of  the  group  we  still  have 
a  fine  development  of  crystals.  On  the  one  tile  represented 
by  the  cut  we'^liave  a  peculiar  set  of  conditions.  At  one 
end  and  side  of  the  tile  we  have  a  narrow  border  of  rather 
dry  devitrified  glaze,  and  lK>rdering  on  this  is  a  beautiful 
development  of  crystals,  extending  almost  entirely  around 
the  tile.  Inside  of  this  band  of  crvstals  is  an  area  made 
up  of  a  clear  glaze,  and  also  a  fine  showing  of  opalescence. 
The  other  tile  in  this  set  has  developed  crystals  over  about 
two-thirds  of  its  area,  but  does  not  show  the  varietv  of 
glazes  or  conditions  on  the  one  just  described. 

This  group  has  produed  more  well  developed  crystals 
than  either  Group  I  or  II.  There  is  also  more  uniformity 
in  the  two  trial  pieces  of  the  same  number. 

A  very  noticeable  feature  is  the  fact  that  our  very  best 
crystals  begin  to  appear  at  .05  equivalents  alumina.  The 
amount  that  most  (jrerman  formula^  call  for. 

All  things  considered,  the  use  of  spar  as  the  source 
of  alumina  seems  to  be  the  most  favorable. 

There  is  less  bubbling,  smoother  glazes  and  beUer 
crystallization.  It  may  be  due,  in  part,  to  the  small 
amount  of  KgO  brought  in  by  the  spar,  acting  with  the 
NagO  and  forming  a  better  flux,  or  in  other  w^rds  a  more 
fluid  glaze  has  been  produced,  in  which  the  crystals  could 
grow  with  less  resistance.  This  latter  point,  In  the  writer's 
mind,  is  very  important  for  the  production  of  well-devel- 
oped crystals. 

(iroup  IV.  All  alumina  used  was  derived  from  clay, 
added  in  the  raw  condition  to  the  other  ingredients  of  the 
glaze,  which  had  previously  been  fritted. 

A  very  noticeable  difference  is  to  be  seen  in  this  group 
when  compared  with  the  other  three,  and  that  is,  that  the 
order  of  best  crvstallization  has  been  reversed  from  the 
high  alumina  end  to  the  low  alumina  end  of  the  series. 
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GROUPlSr. 
CONTAINING  AtOjfflOM  CLAY  AOOEO  RAW  TO  THE  fRIT. 


RCHARK5 


Pew  Crystals.  GuAZt 
Hard  Anp  Stony. 


FtW  MOflE  CRYSTALS. 

Baunccl  Op  Glaze  Same 
As  No.5dO 


Nice  Showing  OpCrystal5. 
Re5T0pGlaze  Stony. 


Very  Few  nccple  Cryst^, 
OiAZE  Rough. 


Larger  Area  Op  Fan 
Crystals,  Surrounded 
By  Stony  Qlaze. 


Very  Fine  Fan  Crystals 
Over  One  Half  Op  Tile, 
Balance  Stony. 


Same  As  5^0 


Laroest  Number  Op 
Crystals  In  The  Group 
And  The  MOST  Beautiful 


Not  50  Many  Crystals 
As  5e(>  But  Are  Very 
BEAUTiruL  Fan  Shaped 


Some  Very  Fine  Fan 
Crystals  Spreading  ft/T 
UntilTheyAppcarLike  Misx 


A  Border  Op  Small  Fan 
Crystals  Extending  Out 
Into  A  Clz  ar  AreaOf  Glaz  ^ 
Caused  By  A  Drop  Of jaogcrGlazc 


478  THE    FUNCTION    OF    ALUMINA    IN    A    CRYSTALLINE   GLAZE. 

When  tlii«  j^oup  was  first  seen  it  was  thouji^ht  that  some 
error  had  been  made,  either  in  the  mixtures  or  numbering 
of  the  group,  so  an  entirely  new  net  was  blended  and  fixed 
over,  the  firing  conditions  being  followed  as  near  as  pos- 
sible to  that  of  the  previous  burn,  but  there  was  found  to 
be  about  one  cone  difference  in  the  two  burns.  The  first 
burn  reached  C<me  10  while  the  second  firing  only  reached 
Cone  9  with  10  started.  So  in  writing  up  this  group  it  has 
been  thought  best  to  compare  the  trials  from  the  two  burns. 

Xo.  561. — This  glaze  having  1.40  instt*ad  of  1.60  equiv- 
alents silica  has  onlv  crvstallized  as  a  liorder  or  fringe 
around  a  small  area  of  clear  glaze  (caused  by  a  drop  of 
raw  lead  glaze  from  the  setter).  The  crystals  are  rather 
small,  starting  as  bars  and  spreading  out  into  fans.  The 
balance  of  the  glaze  is  a  rather  dull  rough  matt. 

The  trial  of  the  second  firing  shows  a  very  decided 
improvement  in  crystals.  Except  for  a  small  border  on 
three  sides  of  the  tile,  the  glaze  has  crystriUized  completely 
into  numerous  bar  crystals,  crossing  and  recrossing  each 
other  in  various  directions,  producing  a  very  beautiful 
pearly  luster.  This  trial  wcmld  indicate  that  a  little  less 
heat  than  Cone  10  is  better  for  this  glaze. 

No.  562. — Trial  one  of  this  set  has  developed  (TystaKs 
over  about  one-half  of  its  area.  These  crystals  seem  to  have 
their  origin  in  a  rather  semi-vitrified  coating.  The  crys- 
tals start  as  bars,  gradually  dividing  or  spreading  out  until 
they  have  attained  la  length  of  al>out  one-third  of  an  inch, 
then  they  shoot  out,  like  the  flame  to  a  large  gas  well,  for  a 
half  inch  more,  ending  in  a  rather  opaque  glaze. 

The  second  trial  of  this  set  has  become  crystallin«* 
over  about  one-half  of  its  area.  The  crystals  in  this  case 
are  of  the  bar  type,  reaching  nearly  across  the  tile.  The 
marginal  part  of  the  glaze  is  of  a  matt  nature,  soft  but 
breaking  rough  near  the  crystal  area. 

No.  564. — Trial  one  of  this  set  has  an  area  of  crystals 
equal  to  about  one-third  of  the  tile.  The  crystals,  as  in 
562,  start  to  grow  from  the  surrounding  vitrified  c-oating, 
and  ha\e  attained  a  length  of  only  about  one-third  of  an 


inch  wlicn  thev  iiKH't  other  i-rysrals  which  have?  grown  from 
one  edge  of  the  tile. 

In  burn  t-wo  of  tliis  s^aze  alK>ut  one-half  of  the  tile  'm 
crystalline  but  the  crystals,  instead  of  spreading  out  and 
forming  fan  designs,  have  run  aroHS  the  surface  of  tbc 
glaze  in  straight  l»ars.  The  lialance  of  the  glaze  is  of  a 
dull  matt  surface. 

No.  566. — This  trial  has  attsiined  the  b«st  development 
of  crystals  in  this  group.  The  <Tyf»taIs  have  grown  inward 
from  the  margin  of  the  tile  to  a  distance  of  one-half  inch 
as  bar  crystals,  then  spreading  out  into  fan  shape,  and 
finally  breaking  forth  into  a  shape  similar  to  a  clover  leaf, 
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having  the  fine  delicate  veins  or  markings  of  a  leaf  of 
that  kind. 

The  second  trial  of  this  nunilK?r  has  not  developed  anv 
nmrkwl  growth  of  crystals,  but  the  entire  central  area  of 
the  tile  is  composed  of  a  ma«s  of  fine  needle  crystals,  sur- 
rounded by  a  semi-matt  glaze. 

No.  5fi8. — This  glaze  has  developed  an  area  of  fan 
shaped  crystals  surrounded  by  a  nuiss  of  fine  needle  crys- 
tals, and  these  in  turn  by  the  sanu*  semi-matt  glaze  of  the 
last  number. 

Trial  Uvxy  of  5(58  has  crystallized  over  a  small  arcci 
equal  to  alnmt  one-(juarter  of  the  tile,  as  in  the  other  glazes 
of  this  group  and  burn.  They  have  only  developed  bar- 
type  crystals.  The  balance  of  the  glaze  is  of  a  matt  nature 
by  rough. 

No.  570. — Trial  one  of  this  set  shows  an  area  of  well- 
developed  crystals  cMjual  to  about  one-ftmi'th  o  the  tile  area. 
The  main  part  of  the  glaze  is  a  dull  matt  frcmi  which  the 
crystals  seem  to  grow  as  bars  until  they  sprwid  out  into 
fan  shapes.  The  other  trial  in  this  pair  is  slightly  blis- 
tered at  one  end.  A  snmll  area  in  the  central  i>ai't  of  the 
tile  has  just  a  slight  showing  of  crystals  which  are  sur- 
rounded by  matt  glaze. 

No.  572. — Both  trials  in  this  case  show  a  slight  blis- 
tering or  bubbling.  The  first  burn  trial  shows  a  mixture 
of  bar,  star  and  fan  shaped  crystals,  groA\ing  out  of  a  mass 
of  fine  needle  crystals,  and  these  in  turn,  as  in  previous 
glazes,  disappear  into  a  semi-nuUt  or  nmtt  glaze.  The 
other  tile  shows  a  small  area  of  fine  necnlle  rystals  sur- 
rounding a  mass  of  bars,  the  latter  being  greatly  inter- 
woven. The  surrounding  nuitt  on  this  tile  is  of  a  some- 
what softer  texture  than  its  unite. 

No.  574. — In  the  ase  of  lM)th  tiles  of  this  number  we 
find  th(»  surface  of  the  glaze  broken  by  numerous  bubble*^. 
The  glaz(*  is  semi-matt,  softer  in  the  Cone  9  burn,  with  no 
signs  of  (*rystals,  while  the  other  trial  is  sonunvhat  rough. 
It  shows  a  verv  snuill  area  of  fine  needle  orvstals. 

No.  576. — A  snmll  area  of  bar  crvstals  are  to  be  seen 
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on  both  trials,  the  ('one  10  trial  showing  the  best.  Many 
of  the  bars  have  opened  into  fans.'  The  surrounding  glaze 
in  both  cases  is  rough  and  stony  to  the  touch,  and  marred 
by  blotches  and  open  bubbles. 

Xo.  578. — Trial  one  in  this  set  shows  a  faint  trace  of 
needle  crjystals  over  a  small  area,  the  balance  of  the  glaze 
being  of  a  dull  rough  finish,  somewhat  broken  at  places  by 
open  bubbles.  The  other  trial  shows  a  very  nice,  fairly 
soft  matt  glaze,  but  aiH)und  the  edges  of  the  tile  it  is 
spoiled  by  small  blotches  or  puffvS. 

No.  580. — This  glaze,  with  the  highest  amount  of  al- 
umina added  as  raw  clay  in  the  first  burn  shows  strong 
traces  of  fine  needle  crystals  breaking  through  the  sur- 
rounding mass  of  semi-matt.  The  other  burn  shows  the 
glaze  to  be  badly  defaced  by  bubbles,  some  open  and  others 
still  under  the  surface. 

The  main  part  of  the  glaze  is  matt,  but  at  the  edges 
of  the  tile  with  a  low  power  gliW«!s  small  needle  crystals  can 
be  seen. 

(inicral   ConrlusioNs. 

In  the  groups  where  the  alumina  was  fritted  with  the 
balance  of  the  glaze,  spar  has  proven  the  best  source  frou) 
which  to  draw  the  alumina.  As  mentioned  before,  this  is 
no  doubt  due  to  the  fact  that  we  have  a  wider  range  of 
fluxes  present,  causing  the  glaze  to  become  more  fluid  and 
hence  a  better  medium  for  the  crystals  to  grow  in. 

Aluminum  oxide,  fritted  into  the  l)atch,  seems  to  be 
the  next  best  source  from  which  t-o  obtain  the  necessarv 
alumina,  and,  lastly,  that  of  clay  fritted  as  a  part  of  the 
batch. 

The  best  source  found,  however,  from  which  to  draw 
the  alumina,  was  that  of  clay,  addcnl  raw  to  the  glaze.  We 
have  a  wider  range  of  glazes  from  which  crystals  have  de- 
veloped, but  at  the  same  time  they  are  no  better  than  those 
of  the  other  groups.  One  other  point  to  be  observed  is  the 
fact  that  this  group  has  but  very  few  glazes  showing  bub- 
bles, while  the  other  groups  show  large  amounts  of  them. 
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This  phenomenon  can  no  doubt  be  attributed  to  the  use  of 
gum  solution  in  the  first  three  groups  and  none  in  the  last. 

The  addition  of  .03  equix^lents  alumina  in  the  form 
of  raw  clay  was  found  to  be  sufficient  to  cause  the  glaze  to 
float  well,  and  to  adhere  firmlv  to  the  bodv.  This  latter 
point  is  possibly  the  strongest  one  in  favor  of  the  raw  clay 
addition. 

It  was  found  next  to  impossible  to  apply  the  other 
glazes  without  the  use  of  gum  solution. 

The  most  noticeable  and  perplexing  difference  in  this 
work  is  the  fact  that  if  we  fritt  our  addition  of  alumina 
it  clauses  crystals  to  develop  best  from  .05  ecjuivalent^  al- 
umina up  to  the  limit  used,  namely,  0.1  equivalent,  while 
in  the  case  of  Group  IV  our  best  crystals  begin  to  appear 
at  the  low  end,  0.01  equivalents  alumina,  and  continue  on 
up  to  0.06  equivalents. 

It  will  be  noticed  that  in  both  cases  they  overlap  at 
0.05  equivalents,  tending  to  show  that  the  formula  calling 
for  0.05  wiuivalents  are  about  midway  in  the  field,  and 
would  be  within  the  field  of  crystals  in  either  case. 

An  interesting  question  is,  why  has  alumina  produced 
these  different  results — a  high  amount  required  in  one 
case  and  a  low  amount  in  the  other? 

In  the  writer's  mind  it  could  possibly  be  explained 
in  this  way:  In  the  case  of  (Troups  I,  II  and  III,  where 
all  material  in  the  glaze  has  bc^en  previously  fritted,  upon 
burning  in  the  kiln,  it  melts  or  becomes  fluid  quite  easy, 
sav  at  cone  5  or  t>,  then  bv  the  time  cone  10  has  been 

ft/  7  t/ 

reached  the  glazes  low  in  alumina  have  become  over-fired 
and  devitrified,  but  the  high  amounts  of  alumina  have 
held  the  glaze  from  melting  early,  or  have  at  least  pre- 
vented devitrification. 

Now  in  the  (*ase  where  alumina  A\'as  added  from  raw 
clav,  what  conditions  have  we?  We  have  a  mixture  that 
is  not  as  intimate  or  perfect  as  in  the  case  of  all  fritt. 

Upon  burning  this  mixture  of  clay  and  fritt,  what 
has  to  take  place  before  we  c*an  expect  the  crystals  to  de- 
velop?    Is  it  not  necessary  to  carry  the  heat  to  such  a 
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d^ree  or  extend  the  time  to  a  point  where  the  clay  and 
fritt  can  reach  a  state  of  complete  solution? 

It  is  not  reasonable  to  expect  to  accomplish  this  as 
quickly  or  easily  as  in  the  case  where  this  work  has  pre- 
viously been  done  by  the  fritt  furnace. 

Now  turnin*]:  to  the  results  obtained  in  the  work,  it  is 
only  natural  that  we  would  expect  to  see  the  glazes  lowest 
in  alumina  mature  first.  The  temperature  of  cone  10,  in  a 
short  fire,  has  only  been  able  to  bring  the  mixture  of  clay 
and  fritt  into  a  state  of  combination  up  to  the  point  where 
we  reach  0.06  equivalents  of  alumina.  Above  this  amount, 
while  the  glazes  are  nearly  vitrified,  they  are  yet  in  a  state 
of  latent  fusion,  or,  just  the  opposite  of  the  condition  of 
the  glazes  of  Groups  I,  II  and  III  at  the  low  alumina  end. 

In  conclusion,  it  may  be  said  that  while  the  use  of 
alumina  does  not  seem  to  accelerate  the  growth  of  crystals, 
it  does  act  as  an  agent  to  arrest  the  action  of  the  heat  on 
the  glaz<*s,  giving  them  a  wider  range  of  usefulness.  The 
use  of  alumina  from  raw  clay  is  to  be  recommended,  not 
only  on  account  of  its  mechanical  properties,  but  because 
it  tends  to  hold  the  glazes  good  over  a  long  firing  or  a  cor- 
responding high  fire. 

I  wit-'h  to  acknowledge  mv  thanks  to  Prof.  Edward 
Orton,  Jr.,  to  whom  I  am  indebted  for  the  opportunity  to 
carry  on  this  investigation,  and  I  also  wish  to  thank  Prof. 
R.  C.  Purdy  for  his  valuable  suggestions  and  interest 
taken  in  the  work. 


TESTS  OF  ASSAY  CRUCIBLES,  WITH  NOTES  ON  THE 
TYPES  OF  CLAYS  SUITED  TO  THEIR 

MANUFACTURE* 

BY 

Edwaud  Oktox,  Jr.^  and  H.  B.  Henderson. 

^  The  following  investigation  i«  the  outgrowth  of  a 
commercial  commisHion.  Two  clays  were  submitted  for 
the  purpose  of  making  crucibk^s,  and  instructions  were 
given  to  find  whether  either  elay,  or  any  mixture  of  the 
two  clays,  would  make  a  good  crucible  for  the  assay  trade. 
This  involved  a  considerati<m  of  the  work  which  as- 
say crucibh^s  are  called  upon  to  do,  a  study  of  how  well 
existing  brands  of  crucibles  are  aibie  to  meet  these  obliga- 
tions, and  a  study  of  the  materials  and  processes  necessary 
to  the  production  of  a  crm-ible  which  would  be  able  to 
meet  them  on  their  own  ground.  The  work  has  grown  far 
beyond  the  scope  of  the  original  commission,  and  has  been 
pursued  as  an  investigation  for  the  interest  that  attaches 
to  it,  and  l)ecause  the  subject  seisms  to  have  been  but  little 
considered  bv  others. 

The  Worli  of  an  Assni/  ("rucihlc. 

Assav  crucibles  are  used  bv  the  hundreds  of  thousands 
annually  in  all  of  the  great  mining  districts  of  the  world. 
The  ores  of  gold,  silver  and  lead  are  tested  by  the  old 
fashicmed  fire  assav  more  often  than  by  anv  other  wav. 
In  addition,  copper,  tin  and  a  number  of  others  are  occa- 
sionallv  determinwl  bv  this  method.  There  are  also  other 
fields  of  usefulness  to  which  crucibles  are  put,  but  as  a 
rule  the  manufacture  of  crucibles  for  the  ordinary  melting 
of  nu^tals,  alloys,  frits,  fluxes,  etc.,  is  a  separate  line  from 
the  manufacture  of  assay  goods. 

An  assay  crucible  must  met»t  the  following  require- 
ments: 
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1.  It  must  be  refractory  enough  to  stand  the  heat  of 
a  bright,  sharp  eoke  fire,  in  which  it  is  placed  and  often 
times  nearly  buried.  In  modern  work,  the  old  coke  fur- 
naces  are  largely  replaced  by  single  or  double  muiMe  fur- 
naci»s,  in  whicli  the  extremes  of  temperature  vary  very 
much  less.  A  coke  fire  when  freshly  replenished  is  often 
verv  cool,  and  vet  bv  the  end  of  the  melt,  it  mav  be  so 
white  as  to  make  it  difficult  to  see  the  crucible. 

Viewed  from  the  standpoint  of  a  refractory  material, 
the  demands  made  on  assav  crucibles  are  not  verv  severe. 
Any  good  No.  2  fire  clay  ought  to  be  able  to  meet  them, 
so  far  as  resisting  the  actual  fusing  action  of  the  fire  is 
concerned.  The  shortness  of  the  exponure  to  heat,  and  the 
verv  limitiHl  number  of  fusions  to  which  the  ware  mav  be 
assigned,  makes  fire  failure  very  rare. 

2.  It  must  be  able  to  resist  the  solvent  action  of 
strongly  basic  fluxes,  high  in  lead  and  soda,  at:  least  to  a 
degree  that  will  permit  one,  sometimes  two  and  sometimes 
tliree  fusions  to  be  made  without  leaking.  The  corrosion 
prodm'ed  on  a  good  crucible  should  be  general  and  equal 
all  over  the  slagged  surface,  rather  than  local,  and  should 
leave  the  surface  smooth,  and  not  pitted  and  eaten  into 
cavities,  in  order  tlmt  the  melt  may  pour  out  clean,  and 
not  leave  umterial  adhering  in  the  hollows. 

3.  In  must  endure  severe  temperature  changes  with- 
out cracking,  for  it  is  put  with  its  cold  charge  into  the  full 
h(*at  with  very  little  or  no  preparatory  warming,  and  when 
the  fusion  is  complete,  it  is  taken  out  and  poured  at  once* 
and  allowed  to  cool  in  the  open  air,  when  it  is  recharged 
and  uscnl  a  second  and  sometimes  a  third  time.  Fusions 
mo»t  commonly  go  through  where  the  slag  begins  to  bur- 
row into  a  crack  caused  l>y  sudden  hrating  or  cooling,  and 
very  few  brands  of  crucibles  will  stand  more  than  two 
severe  fusions  irifh  Mufrti/  if  rapidly  heated  and  cooled, 
beause  of  failures  frcmi  this  cause. 

4.  11  must  be  light  but  hard  and  strong  enough  to 
stand  nesting  and  crating  and  transportation  with  insig- 
nificant loss(*s  from  breakage.     Often  times,  in  fact  very 
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eommonly,  they  must  be  transported  over  bad  roads,  in 
wagons  or  on  pack  animals,  so  that  transportation  is  an 
important  element  in  the  cost  of  the  crucible,  and  heavy 
breakage  would  be  unusually  obnoxious  to  the  purchaser 
under  these  cii*cunistances.  The  clay  must  have  toughness 
enough  to  stand  the  jars  and  jolts  of  travel  without  undue 
thickness  or  weight  in  the  walls  of  the  crucible.  Extra 
weight  is  a  very  isevere  limitation. 

There  are  other  smaller  points  which  are  of  influence 
in  the  crucible  trade,  and  which  help  to  sell  the  output — 
color,  shape,  freedom  from  iron  pimples,  etc.,  but  none  of 
these  are  of  serious  influence,  if  the  other  points  are  ade- 
quately met. 

Development  of  the  Method  of  Testing. 

In  the  absence  of  a  standard  method  of  testing,  or  in 
fact  any  method  of  previous  work  in  this  line,  we  under- 
took to  develop  a  method  based  on  use.  As  is  usual  in  test- 
ing operations,  it  was  the  endeavor  to  make  the  conditions 
considerablv  more  severe  than  those  of  ordiuarv  service, 
in  order  that  the  resisting  powers  might  be  taxed  to  the 
utmost,  and  the  wares  which  were  barely  good  enough 
might  be  separatcnl  from  those  which  had  reserves  of 
strength  still  left.  Tn  developing  such  a  method  of  testing 
the  following  experiments  were  made: 

1.  The  Vrueibles  to  he  I  sett .  The  Denver  20-gram 
assay  crucible  produced  by  the  Denver  Fire  Clay  Co.,  of 
Denv€T,  Colo.,  was  used,  as  these  were  carried  in  stock 
in  large  quantities  in  the  chemical  storeroom  of  the  Uni- 
versity for  the  use  of  the  classes  in  assaying.  They  could 
thus  be  obtained  at  wholesale  rates,  in  any  quantity,  and 
at  a  moment's  notice. 

2.  The  HI  Off,  Assay  slags  are  empirical  mixes  of 
strong  fluxes  which  are  designed  to  fuse  easily  and  quickly 
themselves,  and.  also  to  dissolve  the  ore  which  is  mixed 
Avith  them  in  the  ch^irge.  In  effect,  the  assay  slag  is  a  fiery 
solvent,  which  dissolves  the  ore  into  a  thin  watery  silicate, 
and  in  that  condition  applies  the  reagent  needed  for  the 
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separation  of  the  metal  involved.  It  parallels  exactly  the 
solution  of  the  ore  in  acids,  and  the  prec'ipitation  of  the 
metal  from  the  t^olution,  as  is  familiar  in  the  ordinary 
procc*sses  of  chemical  analysis. 

The  reagents  commonly  used  are  litharge  or  PbO, 
bicarbonate  of  soda,  carbonate  of  potash,  borax,  flint,  nitre 
or  saltpetre,  argols  or  crude  tartrate  of  potash,  oxide  of 
iron,  and  a  few  others.  Without  going  into  the  theory  of 
fluxing,  it  may  be  Siiid  that  silicious  ore«  are  usually  given 
plenty  of  l)asic  fluxes,  basic  ores  are  given  plenty  of  silica 
or  lM)ric  acid  or  both,  ores  containing  lead  are  dissolved 
in  a  reducing  slag,  using  argols  to  separate  the  metal  and 
prevent  its  volatization,  while  sulphide  ores  are  scorified 
\nth  slags  made  oxidizing  with  nitre  to  burn  out  the 
sulphur. 

For  the  purpose  of  this  test,  two  very  simple  slags 
were  proposed 

Xo.    I.  Xo.   2. 

Litharge    2      Carbonate  of  potash 4 

Bicarbonate  of   soda i      Bicarbonate  of   soda 4 

—      Borax   glass    2 

3      Argols I 

Ferric    oxide    2 

13 

Of  these,  No.  1  was  used  almost  exclusively,  as  it  was 
found  much  superior  in  corrosive  power  to  No.  2.  This 
No.  1  slag  was  powerfully  basic,  and  capable  of  dissolving 
silica  from  any  source  at  an  extremely  rapid  rate.  The 
idea  was  to  use  a  slag  whose  power  to  attack  the  clay  of 
the  crucible  would  be  at  the  maximum,  and  thus  observe 
which  crucible  could  Iwst  withstand  it.  In  the  prelimi- 
nary tests,  it  was  found  in  every  case  that  where  No.  1 
wcmld  not  destroy  the  crucible,  No.  2  would  not  do  it,  and 
under  conditions  where  No.  2  failed  to  destroy  the  crucible, 
No.  1  succeeded  better, 

DetcnuinatioH  of  the  Proper  Duration  and  Proper  Tem- 
perature for  the  Corrosion  Test, 

No  exact  direc*tions  could  be  found  as  to  the  pi'oper 


488  TESTS    OF    ASSAY    CRUCIBLES. 

temperatiiw^  at  which  assay  work  shouhl  he  carried  out. 
A(Tordiiij»:ly  the  following  series  of  tests  were  made,  melt- 
ing 250  grams  of  raw  slag  in  each  crucihle  for  the  leng'th 
of  time  indicated,  and  pouring  the  slag  as  clean  as  possible, 
and  after  cooling,  weighing  the  crucihle  to  determine  its 
loss  by  solution. 

The  test  on  foUowing  page  shows: — 

Firftt.  There  is  no  important  change  in  rate  of  solu- 
tion at  Tone  5  (1230^(')  over  Cone  1  (IISO^'CM.  At  Cone 
],  the  shig  is  fluid  enough  to  pour  well,  and  becomes  fully 
fused  in  ten  minutes,  and  engages  in  action  on  the  crucible 
walls.  At  Cone  5,  there  seems  little,  if  any,  difference,  and 
certainly  no  definite  advantage.  Cone  1  was  selected  as 
the  temperature  for  future  tests,  as  it  seemed  to  tlie  eye 
to  be  about  the  same  temperature  used  in  the  regular  prac- 
tice of  assaying,  and  no  advantage  had  lu^n  found  by  use 
of  the  higher  temperature. 

Srroinl,  There  seems  to  be  no  strongly  marked  losses 
in  weight  from  increased  periods  of  solution,  al>ove  30 
minutes.  Below  30  minutes,  the  losses  were  lower,  but 
above  30  minutes  the  losses  fluctuate.  Therefore,  the  30 
minute  pericnl  w"as  adopted  for  future  tests. 

Condition  of  erurihlcH  after  test.  The  records  of  mere 
losses  of  weight  by  soluticm  of  the  crucible  >>"alls,  by  a 
given  weight  of  slag,  in  a  given  time,  at  a  given  tempei*a- 
ture  was  the  fundamental  idea  of  the  preceding  work.  It 
was  early  found  that  the  percents  loss  did  not  give  all  th<» 
facts  necessary  to  the  judgment.  The  condition  of  .th<? 
crucible,  the  nature  of  its  corrosion,  and  notes  explaining 
ine(iualities  of  corrosion,  were  necessary  from  the  very 
first.  In  the  alwve  tests,  the  first  ten  crucibles  exposed  to 
test'*  of  30  -or  more  minutes,  did  not  perforate.  All  showed 
corrosion  less  at  the  bottom,  and  most  deeply  from  the 
middle  to  the  top,  where  the  surface  of  the  slag  was  froth- 
ing, and  rising  and  falling.  At  the  bottom,  where  the 
fluid  slag  lay  (piiet,  the  surface  of  the  clay  was  not  deeply 
corroded.  Cracks  which  had  been  fornunl  in  the  molding 
of  the  cru(*ible,  but  which  were  not  visible  bef(n*e  the  test. 
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♦The  contents  of  these  crucibles  were  still  inside  at  two  hours,  and 
Were  escaped  completely  in  three  hours.  It  is  not  known  at  just  what 
time  the  slag  cut  through  the  crucible  walls. 
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were  invariably  shown  to  exist  by  the  corrosive  eating  of 
the  slag.  In  no  case  did  these  cracks  let  the  slag  through 
in  30  minutes.  In  order  to  see  how  long  a  crucible  would 
stand  a  continuous  exposure  to  slag,  a  three  hour  test  was 
run,  but  the  moment  of  perforation  escaped  our  attention. 
It  had  not  perfoirated  in  two  hours,  but  had  run  out  and 
disappeared  in  three  hours. 

The  failure  of  the  slag  to  rapidly  corrode  the  sides 
and  bottom  of  the  crucible  below  the  level  of  the  surface 
of  the  slag  excited  attention  at  once.  No  adequate  expla- 
nation can  be  given  for  this,  but  it  is  a  widely  ol>served 
fact;  glass  pots,  glass  tanks,  open  hearth  furnaces,  in  fact 
nearly  all  kinds  of  furnaces  where  slags  are  at  work,  do 
their  corrosion  on  the  level  of  the  surface  of  the  slag  and 
a  little  above.  Where  the  slag  immerses  the  surface,  the 
cutting  is  much  slower. 

EffrctH  of  rrpratrd  treatment.  In  as  much  as  one  treat- 
ment of  30  minutes  was  not  suflBcient  to  dc^trov  the  cru- 
cibles,  and  neither  lengthening  the  periods,  nor  the  use  of 
higher  temi)eratures,  seemed  to  have  much  effect,  the  use 
of  repeated  treatments  was  next  tried  on  a  batch  of  six 
crucibles.  The  slag  from  the  first  fusion  \\'as  poured  off 
clean,  the  crucible  cooled  in  the  open  air,  weighed,  filled 
again  with  a  fresh  batch  of  250  grams  of  slag,  and  given 
a  second  treatment  like  the  first.    The  results  follow : 
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29 — Slightly  punctured,  through  bottom. 

30 — C'ut  through  on  cracks  in  two  places.  Slag 
ilraine<l  out  at  'both. 

31 — Cut  out  ^Wthout  crack,  high  up.  No  drainage  to 
count. 

32 — Cut  out  at  a  crack.    Not  much  lost  by  drainage. 

33 — Cut  out  at  crack,  low  enough  to  lose  some  slag. 

34 — Sound.     Boiled  over,  but  did  not  perforate. 

From  the  foregoing,  it  can  be  seen  that  the  second 
treatment  is  more  severe  than  the  first,  the  crucible  losing 
about  10  grams  ni'ore.  Also,  only  one  out  of  six  crucibles 
endured  the  second  treatment  without  being  perforated 
by  the  slag.  The  cutting  out  was  along  cracks  in  four  out 
of  six  cases.  These  cracks  mav  have  been  formed  in  the 
die  when  the  crucible  was  first  made  and  thus  have  the 
title  of  structural  cracks,  or  they  may  have  been  due  to  the 
very  rapid  cooling  after  pouring  the  slag  the  first  time,  or 
they  may  have  been  due  to  the  sudden  heating  of  the  cru- 
cible when  placed  in  the  furnace.  The  two  latter  causes 
are  often  powerfully  apparent. 

There  was  a  considerable  amount  of  boiling  over  of 
the  slag  in  these  tests.  250  grams  seemed  only  about  right 
in  volume,  after  the  slag  had  settled  down,  but  while  active 
and  frothing,  there  was  slobbering  in  nearly  every  case. 
In  many  cases,  the  slag  which  boiled  over  dissolved  out 
the  sand  bed  from  under  the  crucibles  and  allowed  them 
to  tip  over,  spoiling  the  test.  To  get  around  this  trouble, 
the  amount  of  the  slag  was  reduced  to  150  grams. 

Specifications  of  the  Htauilard  test.  As  the  result  of 
the  foregoing  experiments,  the  following  conditions  were 
adopted  tentatively  as  the  standard  test : 

(a)  Six  crucibles  to  be  used  in  each  test. 

(b)  150  grams  slag  powder  (2  parts  litharge,  1  part 
sodium  bicarbonate). 

(c)  30  minutes  exposure  in  furnace. 

(d)  Temperature  to  be  that  of  the  melting  of  Cone  1, 
or  about  1150^,  maintained  constant  by  the  use  of  pyro- 
meter. 
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(e)  The  slag  to  be  poured  out  as  dean  as  possible, 
and  the  crucible  cooknl  in  the  open  air,  Aveighed,  examined, 
recharged,  and  given  a  duplicate  treatment. 

(f)  The  standing  to  be  detennined,  (1)  By  the  pro- 
portion of  the  crucibles  that  stand  the  two  treatments  un- 
perforated.  (2)  By  the  relative  losses  in  weight  by  solu- 
tion in  slag.  (3)  By  the  character  of  the  corrosion,  i.  e., 
whether  smooth  and  uniform,  or  pitt(*d  and  rough. 

AppUcatiou  of  the  Tent  to  Commrrcial  Brands. 

In  order  to  establish  the  grade  of  excellence  or  the 
degree  of  resistance  which  the  best  grades  of  assay  cruci- 
bles would  offer  to  the  test  as  above  defined,  a  quantity 
of  crucibles  wan  obtained  from  all  the  makers  of  whom  we 
could  get  the  names  in  Americn,  ami  the  supply  houses 
were  also  searched  f<u*  foreign  products  in  this  line.  The 
following  is  a  list  of  umnufacturers  whose  crucibles  were 
obtained : 

1.  Denver  Fire  Clay  Co.,  Denver,  Colo. 

2.  Standard  Fire  Brick  Co.,  Pueblo,  Colo. 

3.  Utah  Fire  (May  (^o.,  Salt  Lake  City,  Ftah. 

4.  The  ilorgan  Crucible  Co.,  BatterseU,  Walei*, 
England. 

5.  The  Beaufay  Crucible,  France. 

6.  The  Hessian  Sand  Crucible,  Germanv. 

7.  The  Dixon  Plumbago  Crucible,  Jersey  City,  N.  J. 

8.  J.  H.  (lautier  &  Co.,  Jersey  City,  N.  J. 

The  last  four  of  these  brands  were  not  tested  in  the 
(comparative  test,  because  they  were  different  from  the 
others  in  shape,  size,  weight,  and  thickness  of  walls,  and 
were  thus  not  capable  of  a  close  compariscm.  The  first 
four  varieties  were  all  doseh'  alike  in  shape,  size  and 
weight  of  walls,  and  are  all  extensively  used  for  this  pur- 
pose in  this  !(*ountry.  There  are  a  few  other  makers  of 
crucibles,  or  makers  who  have  at  one  time  or  another  made 
a  few  and  put  them  on  the  market,  but  the  number  is  small 
and  the  output  is  certainly  local. 

Six  of  the  crucibles  of  the  first  four  makers  in  the 
above  list  were  now  put  through  the  slag  test  as  defined 
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above,  in  hatches,  one  of  each  makings;  a  batch.  Thus,  if 
the  furna<*e  conditions  were  varying,  each  make  j?ot  ap- 
propriate share  of  the  variation; 

TABLE  III. 
Denver  Fire  Clay  Co.'s  20  gram  *'Coloraclo"  shape  Crucibles. 


•a 

B 
M  e 

^- 

-  '^1 


E 


E  ^ 

•SB 

II 


u 


I 

2 

3 
4 

5 


245 -0 
242.5 

245 . 5 
259.0 

246.0 


235.3 
229.2 

231.8 

244.4 

23  J .  4 


6  !  253.8     242  8 

I  I 

Av.[^73 


.Sf  S3  «- 


217-5 
213-5 
223.5 

22J  2 
209.5 


213.9        MO 


Condition  after  second  treatment 


Sound 

Perforated 

Perforated 

Perforated 

Cracked,  not  quite  per 
forated. 

Cracked,  slightly  punc- 
tured. 


Standard  Fire  Brick  Co.'s  make  from  Pueblo,  Colorado.     Same  shape  and 


I 

246.8  1 

2 

247.0 

3 
4 

244.6 
246.2 

5 
6 

234-4 
262.8 

232.2 

233 . 2 

230.7 

232.7 
22T.4 

247.8 


Av.[  246.9 


capacity. 

211. 2  j  14.6 

218.5  I  13.8 

205.5,  13.9 

210.5  I  13. 5 

196.0  I  13.0 

221.8  I  15.0 

Ave'ge]  13.9  I  23.1   ;  36.3 


25 

0 

35.1 

14 

7 

28.5 

25 

.2 

39-1 

22. 

2 

35.7 

25 

■  4 

38.4 

26. 

0 

41.0 

Sound 

Perforated 

Perforated 

Perforated 

Perforated 

Slightly    perforated 


Utah  Fire  Clay  Co.'s  make  from  Salt  Lake  City,  Utah.     Same  size  and 

shape. 


I 

250.0 

232.5 

208.5 

2 

245.0 

225.9 

200.6 

3 

241.5 

233.5 

195.7 

4 

251.0 

231.8 

201.6 

5 

250.5 

233-7 

206.5 

6 

250.6 

231.2 

207.6 

Av  I  248.1 


17.5 
19. 1 

8.0 
19.2 
16.8 
16.4 

16. 1 


23.8 

41.3 

25.3 

37.8 

27.2 

44-4 
45.8 
46.4 

27.2 

26.6 

44.0 
430 

Sound. 
Sound. 
Sound. 
Sound. 
Sound. 
Sound. 


27.9 


44-1 


I 
2 

3 

4 

5 


Morgan 

285.5 
290.0 

279.0 

290.6 

280.7 


Crucible  Co.'s  "Battersea"  make,  20  grain,  "Colorado"  shape. 


^  I  288.7 
Av  I  28';. 7 


268.5  ' 
263.3  ' 
265.5  ! 
276.5  ! 
265.0 

272.6 


245 


2^0 

2' 3 
237 


5 


o 
7 

/ 


244.9 


17.0 
26.7 

13.5 
14.1 

157 

16. 1 
17.2 


23.0 

40.0 

•    ■    •    • 

25.5 

•    •    •    • 

39.0 ; 

22.8 

36.9 

27.3 

43.0 

28.8  !  44.8 
25.5  I  40.7 


Perforated. 

Perforated  in   first  trial. 
Perforated. 
Perforated. 

Cracked,   not   quite    per- 
forated. 
Sound. 
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Using  one  crucible  of  each  kind  and   loo  gram  Slag  Xo.  2,  instead  of 

150  Slag  No.  I. 


Denver    . 
t  Standard 
Utah    .... 
Battersea 


258.0 

■■■— ^■■ 

255.6 

246.7 

240.7 

242.6 

235.5 

2^.2 

290.7 

I 


3.4 

6.0 

7.1 
4.5 


Not  badly 

corroded 


In  reacliiiig  a  conclusion  on  the  relative  performance 
of  these  crucibles,  the  method  des<Tibe(l  above  was  as 
follows : 

TABLE  iV. 


Rank 


Name  of  Crucible 


« 

u   ^  ^   O 

S  ?  *  1* 

*» JE  Bbl, 


Ohfl  e  g 


m 


eo  SIC 


< 


Character  of  Sarface  left 
by  the  Sla£ 


3 

4 


Utah    ... 
Denver 
Standard 
Battersea 


100 
16 
16 
16 


44.1 

32.4 

36.3 
40.7 


Smooth  and  even. 

Smooth,    even,    some 

cracks  &  adhering  slag. 

Smooth  and  even,  some 

cracks. 

Sand  pitted,   some 

cracks. 


With  this  table  as  a  sort  of  standard  or  guide  as  to 
what  th(»  performance  of  an  assay  crucible  should  be  when 
put  through  this  test,  the  preliminary  work  was  completed, 
and  we  were  ready  to  attack  the  real  object  of  the  investi- 
gation, viz.,  the  discovery  of  what  typc^s  of  clays  are  best 
suited  to  this  purpose. 

Exprrimoital  Manufacture  of  Afif^ai/  Crucihles  from  Teat 

Clays. 

A  number  of  clavs  were  selected  from  various  sources. 
A  wide  variety  was  purposely  employed,  in  order  to  dis- 
cover if  possible  what  influence  the  composition  and  phy- 
sical structure  of  the  clay  and  its  preliminary  treatment, 
might  have  on  its  resisting  power  to  the  peculiar  strains 
developed  in  assaying,  or  by  the  test  we  have  previously 
outlined. 
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The  following  is  a  list  of  the  clays  and  mixtures  em- 
ployed with  a  description  of  the  peculiarities  of  each. 

(A)  This  day  was  suposed  to  act  as  a  binder  or 
plastic  clay  to  B,  which  was  supposed  to  be  a  promising 
material  for  crucible  manufiacture.  A\'hen  workeil  up  with 
water  is  formed  a  good  jjlastic  body  with  suflScient  bond- 
ing power  and  rather  tending  towards  stickine.^s.  It  had 
to  be  worked  rather  stiff  in  order  that  the  crucible  would 
not  stick  in  the  die.  The  drying  and  burning  shrinkage  is 
about  5.5%  when  burnt  to  Cone  6.  The  body  is  still  quite 
porous  and  can  be  easily  scratched  with  steel.  It  burns  to 
a  good  buff  color,  showing  numerous  iron  specks.  A  par- 
tial chemical  analysis  of  a  burnt  sample  shows: 

Silica   (total)    60.35  of  which  24.66  was  free  sand. 

Alumina  and  Iron  Oxide.  37.91 


98.26 


This  analysis  indicates  a  clav  containing  verv  few 
fluxing  elements,  which  its  behavior  )>ears  out,  in  part 
at  least. 

(B)  This  clay  was  a  gritty,  sandy  material  of  low 
plasticity.  It  could  only  be  nmde  into  crucibles  by  tem- 
pering it  to  about  the  degree  used  in  dry  pressed  brick 
or  tile.  It  burns  to  a  good  buff  color  at  Cone  6.  The  body 
at  this  temperature  is  soft  and  quite  porous,  easily 
scratched  with  steel.  Its  total  shrinkage  at  Cone  6  is 
1.0%.  A  partial  chemical  analysis  of  the  day  after  burn- 
ing gave : 

Silica   (total)    82,49  of  which  68.05  was  free  sand. 

Alumina  and  Iron 16.07 


98.56 


These  figures  indicate  a  clay  consisting  very  largely 
of  sand,  bound  together  with  a  little  clayey  matter,  and 
such  a  clay  could  not  be  expected  to  form  a  dense  or  rea- 
sonably impervious  body  at  any  temperature  in  reasonable 
reach,  or  in  fact  much  below  its  final  fusing  point. 

(C) — ^Composed    of    two    parts    by    weight    of   (A) 
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and  one  part  of  (B).  The  clays,  blended  dry  by  passing 
through  a  screen  several  times,  were  wet  up  and  made 
plastic.  This  mixture  worked  quite  well  in  the  die.  The 
tendency  to  stick  had  disappeared  and  the  excessive  lean- 
ness of  (B)  had  been  improved.  When  burnt  to  Cone  6, 
the  total  shrinkage  is  about  4.07^.  The  body  is  still  quite 
porous,  easily  scratched  with  steel,  and  of  a  good  bufif 
color. 

(D) — Composed  of  one  part  of  (A)  and  two 
parts  of  (B).  They  were  blended  by  passing  through  a 
screen  several  times.  When  worked  up  with  water,  it 
developed  a  little  plasticity  but  not  enough  to  work  well. 
It  therefore  had  to  be  w'orked  in  a  condition  approaching 
the  dry  press  process.  The  total  shrinkage  at  Cone  6  was 
about  2.0%.  The  body  was  quite  porous,  and  could  be 
easily  scratched  with  steel. 

(E) — A  flint  fire  clay,  from  near  Canal  Dover,  Ohio. 
This  is  a  very  hard  stony  clay,  with  sharp  conchoidal  frac- 
ture. It  has  practically  no  plasticity  by  itself,  and  cannot 
be  made  into  any  product  without  some  sort  of  binding 
agent.  The  same  vein  has  been  used  as  the  principal 
ingredient  in  glass  pots,  glass  tank  blocks,  and  similar 
refractories  for  a  long  period  of  years  at  Mineral  City,  O., 
a  nearby  point,  and  has  enjoyed  a  good  reputation  for  fire 
brick  and  common  refractories  for  manv  vears  at  Canal 
Dover,  Strassburg,  Parral,  and  other  points  in  the  north- 
ern part  of  Tus(*arawas  County,  Ohio. 

This  clay  burns  to  a  beautiful  light  buff  color,  nearly 
free  from  specks  of  iron,  shrinks  considerably  in  firing, 
and  has  a  good  degree  of  refractoriness,  though  not  the 
very  highest. 

The  clay  was  made  up  into  crucibles  as  follows :  The 
flint  clay  wslh  run  through  a  jaw  crusher  and  crushed  to 
about  a  quarter  mesh,  then  put  into  a  ball  mill  and  ground 
till  it  would  pass  a  20  mesh  screen.  An  equal  weight  of  a 
plastic  fire  clay  occurring  in  the  same  deposit  with  the 
flint  dav  was  treated  in  the  same  manner.  The  two  clavs 
were  then  blended  by  passing  through  a  screen  several 
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times.  The  mass  was  then  wet  with  water  and  allowed  to 
stand  a  day  when  it  worked  up  into  a  fairly  plastic  mass. 
The  clay  had  to  be  worked  rather  dry  and  required  con* 
siderable  pressure  to  get  a  crucible  free  from  cracks.  When 
dry  the  crucibles  were  quite  tender,  but  when  burnt  to 
Cone  5  they  shrank  about  5.0%  and  formed  a  very  porous 
and  sufficiently  strong  body,  easily  scratched  with  steel. 
A  partial  analysis  of  the  burnt  body  showed 

Silica    60.01 

Alumina     38.89 


98.90 


(P) — A  plastic  No.  2  fire  clay  from  Uhrichsville,  O. 
This  is  a  very  plastic  buflf-burning  clay  found  in  large 
quantities  in  that  vicinity,  where  for  many  years  it  has 
been  used  for  the  manufacture  of  sewer  pipe.  It  is  espec- 
ially suited  for  this  kind  of  ware,  and  the  result  has  been 
a  large  output  of  extra  quality. 

A  selected  sample  of  this  clay  was  made  into  cruci- 
bles as  follows : 

It  was  first  ground  to  pass  20  mesh,  and  a  part  of  this 
placed  in  saggers  and  calcined  to  Cone  9.  Equal  parts 
of  the  calcined  and  raw  were  then  blended  together.  The 
mixture  worked  up  to  a  good  plastic  mass.  This  worked 
very  easily,  and  no  difficulty  was  experienced  in  making 
crucibles  free  from  cracks  and  flaws.  It  dried  without 
cracking  to  a  tough  hard  body,  that  could  be  safely 
handled.  On  firing  to  Cone  1,  a  very  porous  highly  ab- 
sorbent yet  sufficiently  strong  body  was  produced,  having 
a  total  shrinkage  of  2.9%.  A  partial  analysis  shows  the 
following : 

Silica    66. 53 

Alumina    33-99 

100.52 

(G)— A  plastic  No.  2  fire  clay  from  Nelsonville,  Ohio. 
This  ,clay  is  extensively  mined  at  Nelsonville,  and  has  been 
used  in  tlfe  manufacture  of  paving  brick,  sewer  pipe  and 

A.  C.  S.— 22 
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fire  proofing.  It  vitrifies  at  Cone  6-8,  fonuiug  a  dense  gray 
body  and  swells  from  over  firing  at  Cone  12  or  below.  It 
contains  a  great  deal  of  concretionary  iron  grains,  which 
form  black  specks  or  blisters,  according  to  the  temperature 
attained.  It  shrinks  only  moderately  in  firing,  and  has 
a  good  vitrification  range. 

The  clav  was  made  into  crucibles  as  follows : 
A  quantity  of  the  clay  ground  to  20  mesh  was  calcined 
in  saggers  to  (/one  9,  then  mixed  with  twice  its  weight  of 
similarly  ground  raw  clay,  and  passed  through  a  screen 
several  times  to  insure  thorough  blending.  This  was  then 
wet  and  worked  to  a  good  plastic  mass  and  made  into 
crucibles.  No  difficulty  was  experienced  in  working  the 
clay  in  the  crucible  die,  and  a  product  free  from  cracks 
and  flaws  was  easily  obtained.  The  crucibles  were  dried 
and  burned  to  Cone  1,  producing  a  strong  very-porous, 
highly-absorbent  body  having  a  total  shrinkage  of  iAVr^ 
and  having  the  approximate  composition — 

Silica    64.57 

Alumina    31. 69 


96.26 

(L)  This  batch  of  crucibles  was  made  from  Xelson- 
ville  Fire  Clay  and  clean  glass  sand  in  the  proportion  of 
20%  sand  and  80%  clay.  This  clay  was  ground  to  pass 
20  mesh.  The  sand  was  made  to  pass  a  20  mesh,  and  to 
lodge  on  a  40  mesh  screen.  The  clay  and  sand  were  mixed 
and  blended  thoroughly  by  passing  through  a  screen  sev- 
eral times.  The  mixture  was  then  wet,  and  worked  to  a 
mass  sufficiently  plastic  for  the  manufacture  of  good  cru- 
cibles, and  no  difficulty  was  experienced  in  producing 
ware  free  from  defects  of  manufacture.  The  crucibles 
were  burnt  to  Cone  1,  producing  a  porous  body  of  high 
absorption,  and  having  a  total  shrinkage  of  4.4%.  The 
composition  of  this  bodj'  >\'as  calculated  from  the  compo- 
sition of  O,  and  sand  (pure  silica). 

Silica    71 .65 

Alumina    -25.30 

96.95 
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(H) — A  so-called  ^'Pholerite'-  Clav,  from  near  Ver- 
sailles,  Mo.  This  day  was  selected  on  the  strength  of  a 
chemical  analysis,  which  indicated  it  to  be  very  high  in 
alumina.  The  clay  occurs  in  rather  dense  masses;  it  is 
easily  crushed,  breaking  with  a  dull  earthy  fracture,  and 
when  ground  in  a  wet  pan  develops  sufficient  plasticity  to 
be  easily  worked.  It  has  a  rery  high  fire  shrinkage,  and 
fuses  between  (\)ne  34  and  35.  Crucibles  made  from  this 
clay  were  very  free  from  structural  flaws,  and  excee<iingly 
smooth  and  talc-like  in  appearance,  but  when  fired  to 
(^one  9,  the  total  shrinkage  was  13.3%,  and  only  a  few 
were  obtained  free  from  cracks.  The  body  was  dense  and 
the  absorption  low.  The  composition  was  found  to  be  as 
follows,  on  a  burnt  sample: 

Silica    51 .75 

Alumina    45  95 


97. 70 

(I) — This  batch  of  crucibles  was  made  from  the  above 
Pholerite  clay,  50%  of  which  was  added  as  grog.  The  clay 
A>'as  ground  to  pass  20  mesh,  and  a  quantity  placed  in  sag- 
gers and  calcined  to  Cone  12.  Equal  parts  of  the  raw 
and  calcined  material  were  thoroughly  blended.  When 
worked  up  wet,  it  developed  sufficient  plasticity  to  be 
worked  up  into  crucibles  without  difficulty,  though  they 
were  quite  tender  when  dry.  When  fired  to  Cone  9,  a  very 
porous  and  exceedingly  absorbent  body  was  produced,  yet 
it  was  hard  and  strong  enough  to  meet  ordinary  require- 
ments. The  total  shrinkage  at  Cone  9  was  only  1.4%.  The 
composition  was  the  same  as  H. 

(J) — A  plastic  fire  clay  from  near  Versailles,  Mo. 
This  is  a  very  pretty  No.  2  fire  clay,  w^hich  stands  Cone  31, 
and  has  good  plasticity  and  bonding  poAver. 

A  portion  of  this  clay,  ground  to  20  mesh,  was  cal- 
cined in  saggers  to  Cone  12.  A  blend  was  then  made, 
using  50%  raw  and  50%  calcined  material.  The  clay  still 
worked  exceedingly  well,  and  would  stand  a  much  larger 
dilution  than  50%  of  non-plastic  material.  Crucibles  free 
from  flaws  and  cracks  were  easily  produced,  and  when 
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burnt  to  Cone  9,  produced  a  rather  dense  and  very  absorb- 
ent buff -colored  bod}-,  having  a  total  shrinkage  of  5.1%. 
The  composition  of  the  burnt  body  was: 

Silica    63.95 

Alumina    33-63 


97.58 

(K) — A  plastic  No.  2  fire  clay,  from  Crooksville,  O. 
This  was  an  ordinary  stoneware  pottery  clay,  which  had 
been  washed  and  filter-pressed.  It  burns  to  a  beautiful 
buff  body,  free  from  iron  specks.  It  vitrifies  hard  and 
water  tight  at  Cone  8  or  a  little  below,  but  stands  about 
Cone  8  before  actually  fusing.  I'^sed  by  itself,  it  shrinks 
too  much  and  makes  a  very  dense  solid  crucible.  Crucibles 
were  made  from  the  I'aw  clay  and  fired  to  Cone  1  with  a 
total  shrinkage  of  7.1%.  The  composition  of  the  burnt 
crucibles  showed:  ^ 

Silica    67.61 

Alumina    28.57 


96.18 

(O) — A  washe<l  plastic  firec  lay  from  the  Christy 
Fire  Clav  Co.,  St.  Louis,  Mo.  This  clar  is  much  used  as  a 
bond  clay  for  glass  pots  and  similar  high  grade  refractor- 
ies. It  is  a  very  pretty  No.  2  fire  clay,  with  excellent  plas- 
ticity and  bonding  power.  It  fuses  at  Cone  30  or  a  little 
higher.  Su<*h  clays  are  in  demand  in  the  refractory  ma- 
terial trade.  A  batch  of  crucibles  was  made  from  the  raw 
clay,  which  worked  well,  producing  an  exceedingly  smooth 
and  uniform  crucible.  They  were  burnt  to  Cone  4,  pix*- 
ducing  a  rather  porous  body  with  a  fair  absorption  and  a 
total  shrinkage  of  13.09^ .  The  analysis  of  the  burnt  body 
shows : 

Silica     62.21 

Alumina    34-39 

..;  95.60 

v-(M) — The  Christy  Fire  Clay,  half  raw  and  half  cal- 
cined. *  The  dry  20.  mesh  clav  was  calcined  to  Cone  9  in 
^ggerft,  and  blended  with  an-  equal  weight  of  raw  clay  iii 
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the  inanntT  previously  described.  The  mixture  worked 
exceedingly  well  in  the  crucible  die,  producing  a  very  uni- 
form crucible,  free  from  defect^.  When  burnt  to  Cone  4, 
the  body  l>e(*omes  rather  dense,  but  has  a  high  absorption, 
and  a  total  shrinkage  of  4.4%.  Its  composition  has  not 
changed  bv  this  treatment,  and  mav  be  found  above. 

(N)— The  Christy  Fire  Clay  (4)  parts,  sand  (1) 
part.  (^lc*an  white  siind,  that  would  i)ass  20  mesh  and 
lodge  on  40  mesh,  was  used.  The  blend  was  made  in  the 
usual  way.  The  sand  did  not  aifect  the  plasticity  to  any 
great  extent,  but  the  crucibles  were  not  as  smooth  and 
strong  as  those  made  with  the  larger  percent  of  non-plastic 
introduced  as  fine  grog.  When  fired  to  Cone  4,  it  becomes 
rather  dense,  and  has  a  shrinkage  of  ^X^/c,  The  calculated 
composition  was: 

Silica    69.76 

Alumina    27.51 
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(IN) — A  No.  2  fire  clay  from  Nelsouville,  Ohio,  as 
described  under  G.  The  crucibles  from  this  clay  were 
made  from  the  raw  material  only.  They  were  fired  to 
Cone  1,  and  formed  a  fairly  dense  body  with  a  total  shrink- 
age of  6.8 7o. 

Forming  of  the  Crucibles. 

The  various  clays  and  mixtures  were  ground,  tem- 
pered, mixed  and  prepare<l  as  described  in  the  preceding 
paragraphs  (A -IN).  When  ready,  they  were  molded  in  a 
cast  iron  die,  the  plunger  of  which  is  operated  by  a  screw. 
Around  the  circumference  and  extending  through  the  rim 
at  the  top  of  the  plunger,  which  forms  the  top  of  the  cru- 
cible, is  a  series  of  vent  holes  which  permit  the  excess 
material  to  flow  out.  The  circular  bottom  of  the  die  was 
moveable,  thus  permitting  the  crucible  to  be  forced  up  and 
out  of  the  die. 

If  the  clay  is  too  wet,  no  diflference  how  non-plastic, 
it  has  a  tendency  to  stick  to  the  plunger  and  leave  the  die. 
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On  account  of  the  air  pressure,  it  cannot  be  removed  with- 
out marring  and  frequent  cracking,  which  renders  it 
worthless.  The  remedy  to  be  applied  in  every  case  is  to 
decrease  the  tempering  water.  When  tempered  just  right, 
the  plunger  will  pull  out  of  the  crucible,  and  it  can  then 
be  easily  forced  up  out  of  the  die. 

There  is  one  defect  in  crucibles  made  in  this  wav.  The 
flowing  of  the  clay  through  the  vent  holes  at  the  top  of  the 
plunger  leaves  a  weak  structure  at  the  top  of  the  crucible, 
and  at  those  places  it  has  a  tendency  to  crack  in  drying. 
While  the  cracks  did  not  go  deep  enough  to  aflfect  the 
results  of  the  test,  they  mar  the  appearance  of  the  crucible 
and  would  undoubtedly  occasion  loss  in  transportation. 

Drying,  The  crucibles,  as  made,  were  set  on  pallets 
and  air  dried.  No  difficulty  was  experienced  in  this  part 
of  the  operation. 

Burning.  This  was  done  in  an  updraft  test  kiln.  The 
crucibles  were  set  by  placing  one  on  top  of  another,  top  to 
top,  and  bottom  to  bottom.  The  firing  temperature  was 
based  on  previous  tests,  or  knowledge  of  the  clays'  parti- 
cular properties.  The  idea  was  in  all  cases  to  keep  well 
below  the  vitrification  temperature  of  the  clays  to  be  fired. 

The  Test  of  the  Various  Experimental  Crucibles, 

The  method  of  testing  was  exactly  as  described  in 
connection  with  the  r^ular  manufactured  brands.  The 
following  tables  contain  the  details  of  the  test : 
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TABLE  V. 
Batch  A.     Foreign,  Plastic  or  Surface  Clay. 


1 

u 
d 

■c 

g 

•c 
o 

Weight  after 
First  Slag  Test 

Weight  after  Sec- 
ond Slag  Test 

Loss  In  grams  in 
First  Slag  Test 

Loss  in  grams  in 
Second  Slag 
Test 

I'otal  Loss  in 
Both  Tests 

Remarks  on  Condition  at 
End  of  Test 

I 

2 

3 
4 

1 

253-3 
256.7 
259-0 
239.8 

244-5 
259.6 

244-7 
246.5 
249-8 
236.2 

242.7 
250.6 

237.5 
243.3 
22Z.'7 

223.5 

1 

8.6 

10.2 

9-2 

3.6 

1.8 
8.4 

1-2 

3.2 
26.1 

•  •    •    ■ 

•  «    •    • 

27.1 

15.8 
13.2 

35.3 

•  •    •    • 

•  ■    •    • 

35.5 

Punctured. 
Punctured. 
Good. 

Good. 

Av. 


252.0 


245.1 


232.0 


5.4 


15.9 


24.9 


Batch  B.     Foreign  Fire  Clay.     Very  sandy. 


I 

2 

3 
4 
5 
6 


341-0 

323.5 
3-9.6 

321.5 
313.2 

323.5 


Z?^Z .  7 

322.4 
312.5 

305 -5 

314-5 


275.6 


/ 
9 
7 
9 
7 
9 


3 
7 
2 

o 

7 
3 


t 


29-9 


37 


All  rejected  after  first 
test. 


323.4  J  317.0  '  275.6  .:  8.4  j  29.9  1  37.6 


Batch  C.    Two  parts  foreign  clay  "A,"  one  part  foreign  clay  "B. 


»» 


I 
2 

3 
4 
5 
6 


279.2 

268.0 

273.2 

260.7 

268.1 

259.0 

278.3 

266.4 

264.7 

252.5 

274.7 

260.4 

252.0 

239.3 
233.4 

245.5 

227.6 
240.8 


II. 2 

16.0 

27.2 

12.5 

21.4 

33.9 

9.1 

26.6 

35.7 

II. 9 

20.9 

32.8 

12.4 

25.7 

38.1 

14.3 

19.0 

39-0 

Punctured. 

Punctured. 

Good. 

Punctured. 

Punctured. 

Punctured. 


Av.  J  272.8  I  261. 1  )  239.8  J  1 1. 9  !  21.6  1  34.4 


Batch  D.    One  part  foreign  clay  "A,"  two  parts  foreign  clay  "B." 


I 

296.2 

289.8 



6.7 

•  •  •  • 

•  •  •  • 

2 

278.1 

269.1 

•  •  •  •  • 

9.6 

•  ■   •  • 

•  •  •  • 

3 

294.5 

285.0 

258.3 

9.5 

26.7 

36.8 

Punctured. 

4 

293.2 

285.4 

7.8 

■  •  •  • 

•  •  •  • 

5 

278.0 

266.3 

240.5 

12.7 

25.8 

38.5 

Punctured. 

6 

295.8 

284.2 

258.0 

II  .6 

26.2 

37.8 
37.7 

Punctured. 

Av. 

289.3 

279-9 

252.3 

9.6 

26.2 
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Batch  E.    Flint  fire  clay  one  part,  plastic  bond  clay,  one  part. 


Remarks  on  Codidon 
at  End  of  Test 


Punctured. 
Pupctured. 


Batch  F.    Uhrichsville  Sewer  Pipe  Clay,  one  part  grog,  one  part  raw. 


I 

2 

3 
4 

:> 
6 


Av. 


261.0 

248.3 

226.0 

12.-7 

22.3 

35.0 

262.0 

251.0 

226.6 

11. 0 

24.4 

35.4 

258.5 

249.9 

225.7 

8.6 

24.2 

32.8 

272.8 

261.5 

234.2 

11.3 

27.3 

38.6 

273.7 

262.2 

236.7 

H.5 

25.2 

36.7 

267.2 

258.2 

231.0 

9.0 
10.7 

29.2 
25.4 

38.2 

•  •  •  • 

265.8 

Punctured. 
Punctured. 
Punctured. 
Punctured. 
Punctured. 
Punctured. 


Batch  G.     Xelsonvillc  Fire  Clay.     One  part  grog,  two  parts  raw 


I 
2 

3 
4 
5 
6 


Av. 


260.3 
257.8 
261.2 
257.8 

255.9 
258.5 
257.8 

257.0 


255.7 

247.3 

254 -5 
246.3 

245.4 
250.5 
241.6 


^2Z  .5 
226.6 
226.5 
221.0 
218.2 

21815 


4.6 

2^'Z 

36.8 

10.5 

20.7 

31.2 

6.7 

28.0 

34.7 

22.5 

25.3 

36.8 

10.3 

27.2 

37.5 

8.0 

•  •  •  1 

•  •  •  • 

16.2 

23.1 

39.3 

Punctured. 
Punctured. 
Punctured. 
Tipped  over 
Punctured. 

Punctured. 


2nd  heat. 


11.3 


26.1 


1 
2 

3 
4 
5 
6 


235.5 

235.5 
228.2 

2Z2^ .  2 
238.8 
228.3 


Batch  H.     Pholerite,  raw. 

I 


275.0 
272.0 
272.2 
293.2 
298.0 
255.4 


Av.   I  233.2 


39-5 
36.5 

44.0 
Co.o 

59.2 

27.1 

I  All   punctured   in   first 
f       heat. 


44.4 
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Batch  I.     Pholerite,  one  part  raw,  one  part  calcined. 


I 

2 

3 

4 

5 
6 


1 

1 

u 

d 

z 

Original  Weight 

Weight  after 
First  Slag  Test 

Weight  after  Sec- 
ond Slag  Test 

IxMs  in  grams  in 
First  Slag  Test 

e 

m 

Total  Loss  in 
Both  Tests 



Remarks  on  Condition  at 
End  of  Teat 

I 

2 

3 
4 
5 
6 

290.5 
266.5 
301.8 
299.7 
293.6 
278.0 

386.5 

354.  e 

422.0 

376.5 
410.5 
365.0 

96.0 

88.5 

120.2 

76.8 

116. 9 
87.0 

97.6 

All  punctured   in   first 
heat. 

Av. 

288.3 

Batch   J.     Plastic   Fire   Clay   from  near  Versailles,   Mo. 


253.5 

239.4 

215.2 

245.6 

233  ■  3 

208.2 

252.7 

240.2 

212.5 

246.4 

234 -5 

206.6 

249.7 

237.7 

210.0 

242.7 

234.2 

205.0 

Av.   I  248.4 


14. 1 
12.3 

12.5 

24.2 

25.1 
27.7 

38.3 

37.4 
40.2 

Good. 

Punctured. 

Good. 

II. 9 

27.9 

39.8 

Good. 

12.0 
8.5 

27.7 
29.2 

39.7 
37-7 

Good. 
Good. 

II. 9 

26.9 

38.8 

Batch  K.     Crooksville  Stoneware  Clay,  raw. 


251.6 

237.8 

13.8 

247.8 

235.7 

12. 1 

247.4 

234.2 

13.2 

244.3 

233.6 

10.7 

244.7 

230.6 

14. 1 

242.3 

226.5 

15.8 



_ 

I 

2 

3 

4 

5 
6 


Av.    I  ^46.3 


All   punctured  in    first 
heat. 


13.3 


Batch  L.     Xelsonville  Fire  Clay  four  parts  raw,  sand  one  part. 


I 
2 

3 
4 
5 
6 


3IQ.0 

305.5 

292.6 

277.^ 

2Q3.2 

.283.5    ' 

290.2 

281.0 

2Q2.2 

282.0  ! 

307.6 

299.8  ' 

286.0 
260.6 
256.0 

257.4 
257.5 


13.^ 

U.8 

9-7 
8.2 

10.2 

7.8 


19.5 

17.2 

27.5 
23.6 

24.5 


33.0 
32.0 
37.2 
31.8 
34.7 


Punctured. 

Punctured. 

Good. 

Good. 

Good. 


Av.    I  2Q9.I 


10.7  I  22.4  I  33  7 
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Batch  M.     Christy  Fire  Clay,  one  part  raw,  one  part  calcined. 


V 

3 


o 
Z 


I 

2 

3 

4 

5 
6 


€ 

If 

i» 

•;B 

.5 

X 

1^ 

1^ 

ii 

•c 

c 

'Si 

jU 

P 

I 

2 

3 
4 
5 
6 

Av. 


I 

2 

3 

4 
5 
6 


I 

2 

3 
4 

m 

6 


Remarks  on  Conditions 
at  End  of  Test 


263.8 

256.5 

233.5 

7-3 

274.0 

271.2 

248.5 

2.8 

254.0 

245.8 

224.0 

8.2 

264.2 

255.8 

233.2 

8.4 

258.7 

253.3 

234.3 

5.4 

254.7 

247.2 

225.7 

7-2 

23.0 
22.7 

21.8 
22.6 
19.0 
21.8 


30.3 
25.5 

30.0 
31.0 
24.4 

29.0 


Good. 
Good. 
Good. 
Good. 
Good. 


Av.   I  261.5 


6.5  I  21.8  I  2S.3 


Batch  X.    Christy  Fire  Clay  four  parts  raw,  sand  one  part. 


Ail  failed  in  first  heat. 


255.4 
268.1 

293.6 

259.5 

267.0 

282.8 

247.5 
265.2 

290.0 

255.0 

262.0 

281.6 

7.9 
2.9 

3.6 

4.5 
5.0 

1.2 

•  •    ■    • 

•  •    •    • 

•  •    •    ■ 

•  •    •    • 

■  ■    •    • 

■  •    •    ■ 

271.0 


4.2 


Batch  O.     Christy  Fire  Clay,  raw. 


241.2 

236.5 

215.5 

4.7 

21.0 

25.7 

244.5 

239.3 

216.6 

5.8 

22.7 

28.5 

236.2 

227.5 

210.0 

8.7 

17.5 

26.2 

22Q.3 

223.5 

207.7 

6.3 

15-8 

22.1 

236.0 

225.0 

205.6 

11. 0 

19.4 

30.4 

239-5 

231.2 

212.8 

8.3 

18.4 

27-7 

Punctured. 
Punctured. 
Punctured. 
Punctured. 
Punctured. 
Punctured. 


Av.   I  237.8 


7.4 


19. 1      27.2 


Batch  IX.     Xelsonville  Fire  Clay,  raw. 


266.7 
267.7 
263.2 

278.3 
261.8 
264.3 


251.5 
253 . 2 
248.6 
262.0 
248.0 
250.5 


228.5 
237.0 


223.2 


2 

23.0 

3S.2 

5 
6 

16.0 

30.7 

3      .... 

•  •  •  • 
■  •  •  • 

8 

24.8 

38.6 

8 

■  •  •  fl 

•  •  •  * 

Av.  I  267.0 


15 

T4 

14 
16 

13 
13 


14.7      21.3 


Punctured. 
Punctured. 


Punctured. 
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TABLE  VI. 


c 


A 
B 
C 
D 
E 
F 
G 
H 
I 

J 
K 

L 
M 

N 

O 
IN 

Utah 


Compocition  of  Batch 
U»ed  in  Makinc 


Fordgn  Surface  Clay  •  ■ 


Foreign  Sandy  clay  • 


Two  Parts  A.  I  part  B. 


One  part  A,  2  parts  B>  • 

Dover  Flint     50  per  «• 
Dover  Plastic  50  per  ct- 

Uhricbsville  S.  P.  Clay 
Raw  50.  Gros  50  perct. 

Nelsonville  F.  c.  Raw 
66?<.  Grot  il^  perct. 

Pbolerite  Raw    .  •    . . 

Pholcritc  Raw  50 perct- 
Grog  50  perct 

Mo.  Plastic  Raw  50. 
Grot  50  perct 


Crooksvill  Stoneware 
Clay  Raw      


Nehoiville  Clay  and 
and  S  tnd.     Raw  Clay 
80.  Sind  20  perct 


Crisry  Fire  Clay 
Raw  50,  Grog  50  perct. 

Cristy  Fire  Clay  and 
Sand.     Raw  Clay  80, 
Sand  20  perct 


Christy  Fire  Clay,  Raw 


Nelsonville  Clay.  Raw 


Denver 

Pueblo 

Batters 


u 


O   B 


Physical  Propeities  of 
Crucibles 


£U  ;     S 
In   I    -Sl 


ea 


10.0% 

6.7% 

|I2.7% 
TO.0% 
12.0% 

13.6% 

10.0% 

6.7% 

12.3% 
12.3% 

11.6% 


6 
6 
6 
6 

5 
I 

I 

9 

9 

9 
I 

I 
4 


4      1  5 

4     I  7.o%li3 
io.o%|  6 


V 

I 

(A 


DO 

o 

4 

2 

5.1 
2.9 

4-4 
13.3 
1.4 
5-1 
7.1 

4.4 


J3 
g 

ha 

CO 


Poor 

Fair 

Good 

Good 

• 

Fair 

Extra 

Extra 

Fair 

Good 

Extra 

Extra 

Good 


14.0%!  4.4I  Extra 


I3.5%|.. 
i  I 

il.i%|.. 

I 

15-3%'.. 

I 

3.0% 


Resolta  of  Slat  Teat  Avcraced 
from  all  Trials 


8H 


OS  « 

.■a  s 

OU.H 


Extra 

Extra 

Good 

Good    1 248. 1 

Extra   1248.6 


252.0 

5.4 

15.9 

325.4 

8.4 

29.9 

272.8 

U.9 

21.6 

289.3 

9.6 

26.2 

245.3 

3.5 

10.4 

265.8 

10.7 

25.4 

257.0 

II. 3 

26.1 

233.2 

44.4 

«  •  •  « 

288.3 

--97.6 

■  •  •  • 

248.4 

II. 9 

26.9 

246.3 

13.3 

•  •  •  • 

299.1 

10.7 

22.4 

261.5 

6.5 

21.8 

271.0 

4.2 

•  •  ■  • 

237.8 

7.4 

19. 1 

267.0 

14.7 

21.3 

Good 
Extra 


246.9 
285.7 


16. 1  27.9 


12.6 

13.9 
17.2 


19.4 
23.1 
25.5 


2 
6 
o 

3 

4 
o 

I 

6 

6 

1 

6 

I 
o 

6 
o 

3 
o 

o 

o 

I 
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TABLE  VI. 


?- «"  ;    u  S-  8 


2 
O 
I 
O 
0 
O 
O 
O 
O 

o 


5 
3 

2 

6 

5 


2 
O 


6 

3 
o 

5 
4 


3 
6 

o 
o 
o 
6 

T 
I 
I 


Rcmarkf  on  Cause  of  Failure 


Loss  about  equally  divided  between  corrosion  and  cracking. 
Failure  due  to  silicious  composition  and  cracking. 

Corroded  deeply,  but  failure  due  chiefly  to  corrosion  along 

cracks. 
Failure   due    to   silicious    composition    and   corrosion    along 

cracks. 
Corroded  very  deep  and  made  a  thick  mushy  slag  that  would 

not  pour  out  clean.    Very  bad  work. 
Loss  by  deep  regular  corrosion. 

Corrosion  quite  uniform  with  some  tendency  to  corrode  in 

cracks. 
Corroded  very  deep  and  made  a  thick  mushy  slag  that  would 

not  pour.    Tendency  to  crack. 
Corroded  very  deep  and  made  a  thick  mushy  slag  that  would 

not  pour. 
Shows   slight   tendency   to  corrode   in   cracks   but   not  bad 

except  in  one. 
Failure  by  cracking. 


Deeply  corroded  by  pitting  or  solution  of  sand.     Very  little 

tendency  to  corrode  in  cracks  except  in  the  bottom. 
No  cracks  or  deep  corrosion. 


Deeply  pitted  by  solution  of  sand.     Xo  tendency  to  crack. 

Strong  tendency  to  corrode  in  cracks  but  very  slight  corro- 
sion elsewhere. 
Failure  is  due  chiefly  to  corrosion  in  cracks. 

Deeply  but  uniformly  corroded.     No  tendency  to  crack. 

Deep  but  uniform  corrosion.    Failure  due  to  corrosion  along 

cracks. 
Deep  but  uniform  corrosion.    Failure  due  to  corrosion  along 

cracks. 
Solution  of  sand  grains  leaving  rough  pitted  surfaces.  Strong 

tendency  to  corrode  along  cracks. 
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The  mass  of  data  presented  in  these  tests  is  so  great 
that  some  condensation  is  necessary  in  order  to  compre- 
hend it  and  grasp  the  distinctions  which  exist. 

The  following  table  has  been  prepared  for  this  pur- 
pose. For  purposes  of  comparison,  the  data  of  the  tests 
of  the  commercial  products  obtained  on  the  market  is  re- 
profluced  in  the  later  end  of  the  table : 

In  addition  to  the  data  already  tabulated,  the  follow- 
ing  figures  on  the  silica — alumina  contents  of  the  cruci- 
bles, after  firing,  is  interesting  and  useful  in  giving  an 
insight  into  the  causes  of  failure. 

Summary  of  the  f'csults  on  the  Experimental  Cnieibles. 

The  data  marshalled  in  the  last  two  tables  now  begins 
to  show  some  light  on  the  situation. 
We  observe: 

(1)  That  clays  very  high  in  alumina,  i.  e.,  consisting 
of  the  purer  fire  clays,  or  kaolin-like  minerals,  offer  very 
poor  resistance,  when  used  for  assay  crucibles.  They  do 
not  show  high  losses  from  solution,  but  they  puncture 
early,  which  is  the  worse  evil  of  the  two.  The  cause  of  the 
apparently  low  losses  by  solution  is  not  that  the  clay  is 
not  attacked,  but  that  the  slag  produced  is  so  thick  and 
ropy,  and  so  encumbered  with  undissolved  matter,  that 
it  will  not  pour  out  well,  and  leaves  much  slag  adhering 
to  the  interior  of  the  ci'ucible.  The  thickness  of  this  slag 
is  probably  due  to  the  excess  of  alumina  set  free  by  the 
appropriation  of  the  silica  by  the  oxide  of  lead  in  the  slag. 
Every  clay  high  in  alumina  made  this  kind  of  slag,  and 
it  was  not  made  bv  auv  clav  not  high  in  alumina. 

(2)  That  clays  very  high  in  silica,  especially  when 
present  in  the  form  of  coarse  sand,  resist  the  slags  very 
poorly.  The  sand  grains  are  dissolved  out,  leaving  the 
structure  honeycombed.  The  clay  grains,  standing  up 
behind  the  general  level  of  the  surface,  produce  a  very 
rough,  coarsely  granular  surface.  The  slags  produced  are 
fluid,  and  pour  out  well,  with  no  adhering  lumps.  The 
crucibles  highest  in  sand  were  glazed  all  over  the  exterior. 
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with  a  perfect  coating  of  glass,  when  the  first  fusion  test 
was  completed,  without  having  boiled  over  at  all.  They 
literally  sweated  the  lead  slag  through  their  pore  systems, 
and  were  entirely  unfitted  for  a  second  trial,  or  for  use  in 
actual  practice  for  even  one  operation,  on  account  of  the 
loss  of  slag  through  the  crucible  walls. 

TABLE  VII. 


Chemical  Analyns 


Compotirion  of  Batch 


A 
B 
C 
D 
E 
F 
G 
H 
I 

J 
K 


Foreign  Surface  Ctay< 


Foreirn  Sandy  Clay- 


TVo  Paiti  A 
One  Part  B  ■  • 


One  Part  A-. 
Two  Parti  B- 


e 

Is 

Or". 


Dover  Plastic  1,  Dover 
FUni  1 


I 


UhrichiviUe  Raw  1. 
Grof  I 


NeJtonville  Raw  2. 
Groc  1 


Pbolerite  Raw. 


Pbolerite  Raw  1. 
Cror  1 


Mo.  Plaitic  Raw  1. 
Groc  1 


Crooks>iUe  Raw- 


L 
M 

N 

O 

IN 
Utah  ;. 
Dcnvc'r 
Pueblo  . 


Neltonville  4.  Sand  1... 
Cbriity  Raw  1.  Groc  1- 

Christy  4.  Sand  1 

Christy  Raw 

Nelsonville  Raw 


a  SiO« 

60  35 
82.49 
87.72 
75.11 
60.01 
66.53 
64. 57 
51. 75 
51  75 
63.05 
67.61 
71.65 
62.21 
69.76 
62.21 


Behavior  of  CmdUe  in  Slac  Teal 


*  Al.Oa 


07  Qi  I  Slac  was  slightly  thick.     Attacked  chiefly  along 

**'•*'*  I        cracks. 

I 

I 

16 .07  Thin  fluid  slag  that  ran  through  the  body. 
30.62  Slag  suAdemly  fluid. 

23.35 

38 .  89  Thick  ropy  slag,  could  not  be  poured. 


Thin  slag,  solution  of  sand  corroded  chiefly  along 
cracks. 


30.99 
31. 69 
45.95 
45.95 
33. 63 

s:9  57 

25  30 
34.39 
27.51 
34  39 


Batters  ea 


75  65 

64. 21' 

69.29^ 

t 

74.97 


22.13 
33  41 

28  55 

23.93 


I  Deep  irregular  corrodon. 

I  Corrosion  uniform,  fluid  slag  and  tendency  to  cor> 
rode  along  cracks. 

Thick  ropy  slag  that  could  not  be  poured. 

I 

'Thick  ropy  stag  that  could  not  be  poured. 

Thin  flluld  slag,  slight  tendency  to  corrode.      Only 
one  showed  cracks. 

Not  much  solution.     Good  slag  but  failed  from 
cracking. 

Solution  of  sand  cause  of  failure.    No  cracks  except 
in  the  bottom. 

Uniform  corrosion.     Good  Slag,  no  cracks. 

Failure  due  to  solution  of  sand. 

,  Very  slight  corrodon  except  in  cracks.    Failure  due 
to  cracking. 

Good  slag  but  failed  chiefly  from  corrosion  along 
cracks. 

Good  Slag,  poured  out  clean.     Deeply  corroded, 
but  uniform. 


Good  slag,  deep  but  uniform  corrosion, 
due  to  corrosion  along  cracks. 


Failure 


'  Good  slag,  deep  uniform  corrosion.     Failure  due  to- 
corrosion  along  cracks. 

Good  slag,  tendency  to  corrode  along  cracks.    Fail- 
ure due  to  solution  of  sand. 
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Mixtures  in  which  a  little  sand  was  added  to  an 
otherwise  good  clay,  showed  these  symptoms  more  or  less 
clearly  developed,  according  to  the  quantity  of  sand  used. 

Clays  in  which  very  fine  silica  was  added  showed  a 
high  rate  of  loss  by  solution.  The  fine  grains  of  silica 
dissolved  like  butter,  but  as  they  were  so  fine  and  so  evenly 
distributed,  their  solution  produced  no  holes  or  pits  and 
the  surface  left  after  pouring  out  the  slag  was  smooth  and 
even.  The  fine  flint  also  seems  to  have  enabled  the  crucible 
to  stand  sudden  changes  of  temperature,  both  in  heating 
up  and  cooling  down,  without  cracking. 

(3)  Vitrifying  clays,  which  made  a  tight  dense  body, 
generally  resisted  solution  in  the  slag  beautifully.  But, 
on  placing  in  the  furnace  or  in  removing  from  the  furnace, 
they  cracked  in  every  case,  and  either  in  the  first  or  second 
test,  the  slag  found  its  waj^  out  through  the  cracks  and 
ruined  the  crucible.  The  point  of  dense  vitrification  of  a 
clay  should,  therefore,  be  well  above  the  temperature  of 
Cone  1,  at  or  below  which  assays  are  supposed  to  be  made. 

(4)  Vitrifying  clays,  which  used  by  themselves  in 
the  raAv  condition,  form  a  hard  dense  porcelain-like  body, 
may  be  opened  up  and  made  porous,  and  able  to  resist 
temperature  changes,  by  the  use  of  some  chamotte  or  grog. 
In  our  experiments,  grog  made  by  cal(*ining  the  same  clay 
was  always  used.  Where  a  tight  dense-burning  clay  was 
thus  j)roperly  opened  up  by  grog,  aud  fired  to  just  the 
right  point,  a  body  was  obtained  which  resisted  solution 
nearlv  as  well  as  the  raw  bodv  alone,  and  which  resisted 
cooling  and  reheating  very  much  better.  The  most  suc- 
cessful results  Avere  obtained  in  this  wav. 

(5)  A  comparison  of  results  of  our  luanufacture 
with  results  obtained  from  commercial  varieties  tested  un- 
der exactly  the  same  conditions  shows:  (M)  Christv  Fire 
Clay,  one  part  raw  and  one  part  grog,  eciual  to  the  Utah 
crucible  and  better  than  the  other  three  commercial 
brands.  (C)  Composed  of  two  parts  (A)  and  one  part 
(B)  is  efjual  to  tlie  Denver  and  Pueblo  crucibles,  and  I 
better  than  the  Battersea,  while  (F)  the  Uhrichsville  clay, 
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one  part  raw  and  one  part  grog,  and  (G)  the  Nelson ville 
clay,  two  parts  raAv  and  one  part  grog,  are  close  competi- 
tors to  the  Batter  sea. 

The  theory  of  crucible  body  construction  seemed  from 
the  preceding  results  to  be  something  like  this : 

First.  Use  a  clay  of  neither  excessively  high  silica  or 
excessively  high  alumina  content.  In  short,  use  clays  of  ' 
the  constitution  of  the  ordinary  No.  2  fire  clays  as  they 
occur  in  the  coal  measure  formations.  A  really  refractory 
clay  is  not  wanted  and  will  not  give  good  results,  any  more 
than  an  exceptionally  sandy  one. 

Second.  Use  grog  made  from  the  same  clay.  Burn 
it  hard,  or  so  near  to  vitrification  that  it  shall  become  as 
nearly  insoluble  in  the  molten  slag  as  possible.  We  have 
no  evidence  that  grog  made  from  other  clays  would  not 
answer  the  purpose,  but  it  would  seem  the  safer  course 
to  introduce  no  new  mineral  combinations  or  grains  of 
different  coefficient  of  expansion,  when  the  grog  of  the 
same  constitution  as  the  plastic  clay  can  l>e  so  easily 
prepared. 

Third.  The  proi>ortion  of  grog  and  raw  clay  to  be 
used,  and  the  fineness  of  grain  of  the  grog,  and  the  nature 
and  duration  of  the  pugging  process,  the  method  of  the 
manufacturing  process,  and  the  degree  of  hardness  to 
Avhich  the  crucible  should  be  fired  before  use,  are  all  de- 
tails to  be  settled  and  worked  out  for  each  clay.  The  object 
to  be  sought  is  to  produce  a  body  of  as  dense  and  solid  a 
structure  as  possible  while  still  retaining  ability  to  heat 
up  and  cool  quickly  without  cracking.  Density  gained  at 
the  expense  of  power  to  stand  heat  without  cracking  would 
be  worse  than  useless. 

Second  Set  of  Experiments. 

In  order  to  put  these  conceptions  to  the  test,  we  de- 
cided to  make  up  a  new  batch  of  crucibles  from  various 
clays  which  we  had  available,  giving  each  such  treatment 
as  we  thought  most  suitable,  and  then  to  subject  our  new 
product  to  a  competitive  test  with  the  commercial  brands, 
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not  only  by  the  slag  test  here  developed,  but  also  by  actual 
use  bv  an  assaver,  on  an  ore  of  known  value. 

The  Miinnfaeiure  of  the  Test  Crucibles. 

Six  clays  of  the  No.  2  fire  clay  class,  which  had  given 
varying  kinds  of  results  in  the  preceding  work,  were  se- 
lected, and  were  made  up  into  crucibles,  as  follows: 

XcIsotirHle  Fireclay ^  Nelsonville  Ohio.  (See  de- 
scription in  pre(*eding  section.)  An  effort  to  work  in  the 
maximum  amount  of  grog  was  made,  three  batches  being 
made.  The.se  were  marked  A,  B  and  I,  respectively.  A 
contained  50^^  grog,  but  the  results  were  bad  and  no  satis- 
factory crucible  could  l)e  gotten.  This  batch  was  dis- 
carded. B  contained  33V:i%  gi'Og,  prepared  as  in  the  first 
series.  I  containe<l  SSy^yc  grog.  The  source  of  this  clay 
was  different  from  B,  but  l)oth  were  samples  of  the  Nel- 
sonville  fire  clay.  The  process  of  manufacture  was  the 
same  as  has  alreadv  been  described. 

Crooksville  Stoneware  Claj/,  Crooksville,  Ohio.  (S(h» 
description  of  clay  in  preceding  section).  An  effort  was 
made  to  get  50%  of  grog  into* this  clay,  in  order  to  cut 
down  its  tendencv  to  form  a  hard  vitrified  bodv,  and  there- 
fore  one  likely  to  crack,  but  the  attempt  failed  by  the 
plastic  process.  The  material  was  too  harsh  and  weak, 
lacking  plastic  bond.  Success  was  attained  by  the  semi- 
dry  process,  using  the  clay  in  little  pellets  of  such  a  mois- 
ture content  that  they  would  weld  up  in  the  die  under  the 
pressure  of  the  screw.    This  series  was  marked  D. 

Uhrichsrillc  Fire  Clay,  Uhrichsville,  Ohio.  (See  de- 
scription in  the  preceding  section).  No  more  than  33%% 
grog  could  be  used  with  this  sample,  which  was  taken  from 
the  dry  pan  as  it  was  being  prepared  for  sewer  pipe.  A 
series  of  crucibles  was  prepared  with  this  composition,  and 
were  marked  H. 

Dover  Flint  Clay.  (See  description  in  the  preceding 
sertion).  This  clay  consisted  of  50%  of  the  No.  2  plastic 
fire  clay  usenl  as  a  bond.  No  grog  was  used,  as  the  flint 
clay  operates  like  grog  to  all  intents  and  purposes,  except 
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tliat  it  shrinks  in  firing.  These  crucibles  were  left  over 
from  the  preceding  work — no  new  ones  were  made  for 
the  second  series.  They  were  enterd  only  in  the  assay 
test  and  only  two  were  used. 

Christy  Washed  Pot  Clay,  St.  Louis,  Mo.  (See  descrip- 
tion in  the  preceding  section).  This  clay  would  carry 
50%  grog  and  stand  nuinufacture  by  a  plastic  process.  Its 
fine  bonding  power  permits  this.  It  was  made  up  in  the 
first  series  and  marked  C. 

Versailles^  Missouri ^  Plastic  Fire  Clay,  (See  descrip- 
tion in  preceding  section) .  The  bonding  power  of  this  clay 
is  also  exceptional.  50%  of  grog  was  successfully  carried 
by  ordinary  plastic  processes.  60%  was  used  by  blunging 
the  clay  to  a  cream,  incorporating  the  grog,  drying  the 
mixture  down  to  stiff  mud  consistency  and  finally  molding. 
The  two  series  were  marked  F  and  G  respectively. 

These  various  batches,  viz.,  B,  C,  E,  F,  and  H,  to- 
gether with  the  Battersea,  Pueblo,  Utah,  and  Denver  cru- 
cibles, were  put  through  the  same  slag  test  as  described 
in  the  earlier  part  of  this  paper.  The  results  are  as  fol- 
lows : 
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TABLE  VIII. 


Compottdoa  and 

Dcmgnmon  of 

Cnidblea 


1^ 


Battenea 

(Eng^Iish) 
Marked  "b'' 


Utah  Fireclay 
Company 
Marked  *'u" 


Standard  Fire 
Brick  Co. 
Pueblo,    Col 


Marked  "-" 


Denver  Fireclay 
Company 
Denver,  Col. 
Marked  'M'' 


«2       P2 


u 


u 


s: 


e 
o 


-  5  I 


s 

X 

1^ 


Coodhion  of  Cradhie 
after  Tot 


g 


9 

flu 


3 


I 

2 

3 

4 

5 
6 


306. 5,292. oj 14.5 

279.51263.0,233.8.16.529.2 


Cracfcad 


292.51276.0 


286.0I270.O 
289.5  275.0 
29I.5I277.O 


16.5' 


45.7 P*iictiir'd 


Cncked 


241.3  16.0,28.744.7 
247.6114.527.4,41.9 


14-5: 


<« 


*i 


<( 


Av.  I290.6 


44.1 


I 
2 

3 
4 

6 


247.0 

232.5 
233  o 

232.5 


230.5 
215.2 

215-5 
216.0 


248.5,232.5 
232.51215-5 

r  '  I 


201 

189 
186 

189 
205 
192 


3;l6.5 

5!i7. 
,2  17, 

.5I16. 
0|i6. 

6;i7 


I 
I 

:,;29 

3125 

5129 
526 

0'27 
0'22 


24s 

743 

346 

543 
5  43 
9:39 


7 
o 

8 

o 

5 
9 


«       a                   •       •       •       •       • 

m    »              •     •     •     •     • 

■       •                    •       •       ■       a       ■ 

•  •        ■■••*■ 

SoUDd 
tl 

<l 

I* 


Sound 


1 


I 


Av.   :237.i 


I 
2 

3 

4 

5 
6 


Av.   I246.8 


)252.0 

243.0 

243-5 
236.5 
253.0 

253.5 


239.3 
228.0 

228.3 
223.0 
237.0 
239.0 


211 
194 
202 
199 


,8 
o 

5 
0 


195 


12 

15 

IS 

13 
16. 

5I14. 


43-6 


Sound 


727.540.2. 

O  340  39.0  P'ncmrM 

2I25.84I.O  ....        Sound 

5;23.5  37.0     ....     P'ncturM 

O Cncked 

44.5  58.8 P'nctnr'd 


I43.2 


I 
2 

3 

4 


289.4 
268.5 
246.0 

.  258.5 

5  I286.5 

6  I256.2 


281.0 


18.4 


262.61  8.4 

247.01218.0  21 .5129.6 

232.8|2o6.o|  14.2  26.8 

244.8  219.0  13.7  25.8 


275.7 

243.8 


252.5|l0.8'23.2 
2I2.6|l2.4|31  .2 


Av.   !267.5 


26.8  ....      p 

50.5  Cracked 
41 .0 

39.5 

34.0 

43.6  Cracked    . 
'39.2 


nctur'd 


Sound 


i< 
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TABLE  VIII. 


Conpofidon  and 

Dedcnation  of 

Crucibles 


M 

X 


bi 


£t 


B    S 

J2 


e 
o 


.5  o 


J^ 


z 

-  E 


Nelsonville  Fire-, 
clay  ?^  raw,  I3 
grog.  Burnt  to 
Cone  1. 


I 
2 

3 
4 
5 
6 


289.8 

308. 5 

283.3 

267.5 

267.3 
261.0 


Av.  I279.S 


275.0 

290.4 
267.0 

251.5 
249.7 

245.5 


.0 
i.o 

245.7 
230.0 


Christy  Fireclay 
i  raw,  1  grog,  j 
Burnt  tq  Cone 
4.  ! 


Crooksville 
Stoneware  Clay 
i  Raw,  i  grog. 
Burnt  to  Cone 


1. 


Versailles,    Mo. , , 
Plastic  Fire- 
clay, i  raw,  I' 
grog.        Burnt; 
to  Cone  5. 


Uhrichsville 
Sewer  Pipe 
Clay,    %  raw, 
>^5  grog.  Burnt 
to  Cone  1. 


I 
2 

3 

4 
5 
6 


Av. 


257.0 
256.8 

245.5 
260.2 

257.2 
260.5 


256.2 


I 
2 

3 
4 
5 
6 


272.2 
280.0 
262.5 
276.0 
262.0 
270.3 


248.0  221.6 


242.0 

236.5 
250.8 
242.0 
248.6 


214.6 

215.3 

227.5 
220.4 

223.3 


14.8 
18.1 
16.3 
16.0 
18.6 

15.5 


31.0 
29.4 

21.3 
21.5 


45.8 

47.5 
37.6 

37.5 


Condition  of  Crucible 
after  Tests 


"8 


1 

9 

s 


Craclced 


9.0 

14.8 

9.0 

9.4 
15.2 

U.9 


26.4 
28.4 
21.2 

23.3 
21.6 

25.3 


42.1 


Sound 


263.1 
266.2 
255.2 
259.8 


9.1 
13.8 

7-3 
17.2 


35.4 

A^,2' P'nctur'dj 

30.2!    'I 

32.7 " 

36.8 Sound 

37-2, 

35.91 


it 


I  Cracked 
(I 

»( 

it 

r 

I        If 


«» 


Av.   I270.5I 


I 
2 

3 
4 

6 


272.7 

256.5 
263.6 

255.5 
269.5 
250.0 


257.0 

240.5 
248.8 

243.7 
255.8 
232.2 


229.0 

215.5 
220.5 

213.5 
231.2 

213.7 


15.7 
16.0 

14.8 

II. 8 

137 
17.8 


28.0 
25.0 

28.3 
30.2 
24.6 
18.5 


43.7  ^'^^^ 

41    O I Sound 

43  •  I :  ^''^''«*  I t 

42.0 Sound 

38.3    Cracked 

36.3 Sound 


Av.   [261.3 


I 

2 

3 
4 
5 
6 


258.0 
281. 1 


244.0 
265.7 


257. 8!  244.0 
281.81267.0 
279.0I266.0 
273.8(256.5 


219.0 
236.0 
214.7 
239.0 
238.6 
229.0 


14 
15 
13 
14 
13 
17 


I40.7I 


25.0 
29.7 

293 
28.0 

27.4 

27.5 


Cracked 
I* 


<( 


If 


Av 


[271.9 


39.0 

45.1 
43.1 
42.8 

40.4! P'nctur'd 

Ml 
42s 


ft 
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The  results  of  this  test  are  siimmarize<l  in  the  follow- 
ing table : 

TABLE  IX. 


Namr  of  Crucible 


S  =  S 
b  e  u 


a«       9      «i# 

ill 


Remarks. 


Utah 


83 


Christy    50 


Denver 


4     I  Versailk^s 


5     [  Standard  of  Pueblo 

Uhrichsville    

7  Xelsonville    

8  Battersea    

Crooksville    


50 

50 

50 

o 


18.3       One  puncture  on  second  heat.       General  con- 
I         dition :  deep,  regular  corrodon. 


I?   n       Three  punctured  on  second   heat.      General 
condition :  corrosion  deep,  uniform. 


14.7 


15.5 


18.5 


15.5 


14.6 


15.3 


Two  cracked  and  one  punctured  on  second 
heat.  General  con<Ution :  corrosion  deep 
alone  cracks,  otherwise  uniform. 

h'liree  cracked  on  second  heat.  General  con- 
dition :  little  corrosion  except  alone  cracks. 

I 

! Three  punctured  on  second  heat  General  con- 
dition is  good  with  somcwi:at  irriirular 
corrosion. 

4  cracked  and  two  punctured  on  second  best. 
General  condition : deep  uniform  corrosion. 

All  cracked.     2  on   first   beat.   4  on  second. 
I         General  condition:  resisted  slag  well  but 
cracked  badly. 

'  i  cracked  first  heat.  2  cracked  second  heai. 
One  punctured  second  heat.  General  con- 
dition :  irrerular  corrosion,  pitting  A  crack- 
ing. 

'aII  cracked  on  first  heat.     General  condition: 
I         resists  slag  well  but  not  the  temperamre 
change. 


The  resnlts  here  rea(*hed  do  not  vary  widely  from 
what  was  developed  in  the  first  work.  Of  the  four  manu- 
factured brands,  the  o;eneral  order  is  about  the  same,  Utah 
leading  and  Battersea  being  the  poorest,  while  Denver  and 
Pueblo  are  second  and  third  as  before. 

The  interjection  of  the  test  crucibles  of  our  own  man- 
ufacture brings  in  some  new  features  however.  The  Christy 
comes  in  next  to  the  head  of  the  column,  while  the  Ver- 
sailles, Mo.,  clay  is  also  of  the  same  grade  as  the  Denver 
and  Standard.  The  Ohio  fire  clays  do  not  show  well,  none 
of  them  standing  two  heats,  chiefly  on  account  of  cracking. 
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Their  solution  losses  are  not  excessive,  but  either  the  exact 
method  of  handling  them  has  not  been  discovered,  or  the 
inherent  inability  of  the  clay  to  withstand  severe  changes 
of  temperature  without  cracking  is  the  cause  of  their  fail- 
ure. Poor  as  they  show  in  this  test,  they  are  about  of  the 
Battersea  grade. 

The  Assayer^s  Teat. 

Two  crucibles  each,  of  twelve  different  sorts,  were 
furnisheil  to  Prof.  N.  W.  Lord,  of  the  Department  of 
Metallurgy  of  the  Ohio  State  University,  with  the  request 
that  he  delegate  a  competent  person  to  test  them.  He 
appointed  Mr.  P.  F.  Theobald,  E.  M.,  Avho  took  the  work 
up  and  carried  it  through  as  shown  in  his  report.  The 
crucibles  were  all  identified  by  numbers  only. 
Prof.  Edward  Orton,  Columbus,  Ohio. 

Dear  Sir: — I  respectfully  submit  herewith  the  follow- 
ing report  on  tests  of  assay  crucibles : 

Twenty-four  crucibles  were  furnished  me,  and  I  made 
the  tests  of  these  crucibles  using  the  same  method,  ore, 
flux,  heat,  etc.,  for  all. 

All  were  used  repeatedly  until  they  were  disabled  in 
some  way  or  other.  Most  of  the  crucibles  were  disabled 
by  cracking,  while  those  that  did  not  crack  were  eaten 
through  so  that  they  leaked. 

The  charge  used  in  the  crucibles  was  as  follows : 

Ore   y,  A.T. 

Lead   Flux    35  gms. 

Litharge    20  gms. 

Flux  Cover    5  gms.  , 

Borax    8  gms. 

Xails 3  gms. 

The  ore  used  was  a  silicious  gold  and  silver  ore,  with 
about  10%  iron  pyrites,  and  a  small  amount  of  base. 
The  lead  flux  was  of  the  following  composition: 

Na  H  COj    16  parts 

K2CO3    16  parts 

Borax    8  parts 

Flour    5  parts 

The  following  table  shows  the  results  and  behavior 
of  the  crucibles  throughout  the  test: 
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The  table  shows  that  crucibles  Xos.  20  and  23  held  out 
for  14  runs  although  they  were  badly  eaten  after  the 
fifth  run. 

It  is  also  shown  that  crucible  No.  6  cracked  at  the 
end  of  the  first  run. 

CONCLUSION. 

The  test  shows  that  the  results  for  all  the  crucibles 
check*  quite  closely  with  one  another  for  the  first  run. 
After  the  first  run,  most  of  the  results  do  not  check  very 
well,  due  mostly  to  the  crucibles  being  eaten  and  worn, 
causing  ridges  and  pockets  to  be  formed.  The  pockets 
formed  were  usually  first  noticed  in  the  bottoms.  These 
pockets  usually  held  some  lead  and  slag,  and  therefore  the 
crucibles  did  not  pour  clean.  The  lead  remaining  in  the 
crucibles  caused  the  following  results  to  vary  considerably 
at  times,  according  as  the  lead  stuck  or  came  out  with  the 
charge. 

Crucibles  Nos.  20  and  23  checked  very  well  for  the 
fourteen  runs  with  a  few  exceptions. 

Respectfully  submitted, 

P.  F.  Theobald,  E.  M. 

The  data  obtained  from  this  report  of  Mr.  Theobald 
is  of  great  interest.     It  shows: 

1st.  That  while  most  assay  crucibles  will  stand  at 
least  two  heats,  and  many  will  stand  more,  it  is  unwise 
to  depend  on  a  crucible  which  has  once  been  used,  for  any 
results  of  importance.  As  nearlv  all  assavs  are  of  im- 
portance  and  the  necessity  of  exactitude  is  nowhere  gi'eater 
than  in  this  business,  the  use  of  crucibles  a  second  time  is 
always  more  or  less  of  a  risk,  and  should  be  confined  to 
duplicate  determinations,  checking  other  work,  etc. 

2nd.  It  appears  from  a  study  of  the  figures  that  a 
prime  source  of  the  low  figures  in  second  heats  is  in  the 
pitting  and  roughness  of  the  surface  of  the  inside  of  the 
crucible,  and  consequent  inability  to  pour  the  slag  out 
deanlv.    This  places  stress  on  the  maker  of  assav  crucibles 
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to  make  them  so  that  they  stand  the  corrosion  of  the  slag 
with  smooth  walls  rather  than  pitted  and  pocketed.  This 
is  of  much  more  importance  than  ability  to  run  many 
heats,  since  assayers  would  not  ordinarily  be  willing  to 
use  crucibles  more  than  twice  in  any  case. 

3rd.  It  also  places  the  assayer  under  stress  to  secure 
in  every  case  a  fluid,  clean  slag,  Avhich  does  not  stick  in  the 
sides  or  in  holes  in  the  crucible  in  pouring.  A  thick  ropy 
slag  is  an  almost  certain  invitation  to  loss. 

4th.  On  the  question  of  the  relation  of  composition 
of  crucible  to  resistance  to  cracking,  resistance  of  solution, 
and  all  around  effectiveness,  the  light  shed  is  not  very 
satisfactory. 

Bringing  the  names  of  the  crucibles  with  the  numbers 
used  in  the  assayer's  report,  and  arranging  in  order  of 
excellence,  so  far  as  can  be  determined,  the  following  table 
has  been  assembled : 
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Dover  Ohio  Clav 

Yz  flint  fireclay,  J/^  plastic  fire  clay 

Utah  Fireclay  Co 

Commercial    

Denver  Fireclay  Co 

Commercial    

Standard  Fireclay  Co 

Pueblo,  commercial    

Versailles,  Mo.,  Fireclay   

6o%  grog,  40%  plastic 

Christy   Fireclay   Co 

Versailles,   Mo.,   Fireclay 

50%  grog,  50%  plastic   

Uhrichsville,  O.,   fireclay   

Nelsonville,  stock  clay   

Nelson ville,  brick  clay   

Battersea    

Crooksville,  stoneware  clay    
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Reviewing  here  the  theories  with  which  the  second 
series  was  begun  (page  35)  we  And: 

First,  The  theory  that  excessive  alumina  or  exces- 
sive  silica  in  a  crucible  clay  is  injurious  is  not  overthrow^n, 
for  no  excessive  mixtures  were  tried  in  the  second  series, 
but  it  is  certainly  not  strengthened  any.  The  two  clays 
which  give  the  remarkable  runs  of  14  heats  each,  and 
which  hold  first  and  second  place  in  the  table,  are  respec- 
tively the  highest  in  alumina  and  highest  in  silica  of  the 
entire  list  of  davs  under  test. 

SccouiL  The  doctrine  that  almost  any  No.  2  fire  clay 
mixed  with  hard-burnt  grog  of  its  own  make,  and  properly 
prepared  as  to  proportions,  mechanical  structure  and  tem- 
perature of  firing,  will  make  a  good  assay  crucible,  is  also 
neither  ovc^rthrown  nor  strengthened.  Out  of  six  clays 
tested,  made  up  into  eight  different  batches  of  crucibles, 
only  one  clay  failed  to  give  two  good  commercial  assays. 
Also,  out  of  twelve  batches  of  crucibles,  three  commercial 
brands  out  of  four  hold  places  well  to  the  top  of  the  col- 
umn for  durability  under  use,  while  of  the  eight  home- 
made test  batches,  only  one  attained  high  rank,  (the  Dover 
clay,  which  stood  first )  while  five  of  them  stood  at  or  near 
the  foot. 

The  Dover  clay,  wliich  gave  the  most  remarkable  per- 
formance of  22  heats  out  of  two  crucibles,  contains  no  grog 
whatever.  Its  flint  fire  clay  component,  however,  acts  like 
grog,  both  in  drying  and  after  firing.  It  probably  does  not 
act  like  grog  during  its  first  firing  process,  for  the  flint 
clay  grains  shrink  notably,  while  grog  seldom  does.  After 
firing,  however,  the  flint  clay  grains  are  more  or  less 
cracked  and  shaky  from  excessive  shrinkage,  and  tend  to 
give  the  clay  body  a  chance  to  expand  and  contract  sud- 
denly without  cracking,  by  reason  of  this  very  looseneoss 
of  structure.  It  does  not  appear,  therefore,  that  the  Dover 
clay  is  to  be  regarded  as  a  disproof  of  the  general  proposi- 
tion of  the  necessity  for  grog  in  the  crucible  clay  body. 

Third.  The  proposition  that  the  proporticms,  treat- 
ment, manufacture  and  burning  of  the  crucible  body  from 


524 


TESTS    OF    ASSAY   CRLXIBLES. 


any  given  No.  2  fire  clay,  are  not  matters  of  rule  but  of 
careful  study  and  experiment,  and  that  each  clay  is  a  new 
proposition  to  be  worked  out  by  itself  is  abundantly  sup- 
ported by  the  second  test. 

Fourth.  Regarding  the  merits  of  the  mode  of  testing 
devised  in  the  earlier  part  of  this  article,  and  the  test  of 
actual  use  in  the  hands  of  a  competent  assayer,  it  is  inter- 
esting to  note  that  the  results  are  about  the  same  from 
both  methods.  If  the  (Tucibles  be  given  ranks  in  each, 
based  on  the  way  in  which  tliev  bore  themselves,  the  data 
shapes  up  about  as  follows : 


TABLE  XII. 

1                                          SLAG    TEST 

ASSAY     TEST 

Relative 

Order 

1st  Series 

2nd  Series 

2nd  Series 

1          6  crucibles  of  each 

6  crucibles  of  each 

1 

2  crucibles  of  each 

I 

Christy 

Utah 

Dover 

2 

Utah 

Christy                         i 

Utah 

3 

Denver 

Denver 

Denver 

4 

Standard 

Versailles 

Standard 

5 

Versailles 

Standard 

Versailles 

6 

Battersea 

Uhrichsville 

Christy 

7 

Uhrichsville 

Xelsonville 

Uhrichsville 

8 

Nelsonville 

Battersea 

Nelsonville 

9 

Dover 

Crooksville                 1 

Battersea 

lO 

Crooksville 

1 

Crooksville 

It  will  be  observed  that  Utah  is  always  first  or  second, 
that  Denver  is  always  third,  that  the  Standard  and  Ver- 
sailles compete  for  fourth  and  fifth  places  throughout. 
Also  that  the  same  five  chiys  bring  up  the  rear  in  all  three 
comparisons. 

COXCLUSION. 

The  investigation  sought  to  do  two  things — to  find  a 
mode  of  testing  assay  crucibles  and  to  determine  W'hat  type 
of  clay  is  suited  to  their  manufacture. 

Whether  the  method  of  test  which  has  been  advised 
here  will  approve  itself  to  chemists  or  ceramic  engineers 
after  further  trial  and  use  is  an  open  question.     It  cer- 
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tainly  seems  to  offer  a  fairly  simple  and  workable  plan. 
Its  results  seem,  in  this  instam^  at  least,  to  coincide  fairly 
well  with  such  classification  as  actual  use  would  give.  To 
be  sure,  the  con(*lusions  here  drawn  depend  on  too  little 
evidence,  and  too  few  trials  to  be  regarded  as  more  than 
tentative,  but  until  better  ones  are  available,  they  are 
entitled  to  consideration. 

On  the  second  point,  the  conclusion  is  reached  that 
clays  suited  for  making  assay  crucibles  are  rather  common 
and  easy  to  find.  They  need  not  be  extremely  refractory, 
nor  can  thev  be  verv  easilv  fusible.  Thev  should  not  be 
excessively  silicious,  nor  excessively  aluminous.  They 
must  be  worked  with  plenty  of  grog  or  equivalent,  in  order 
to  stand  sudden  and  severe  changes  of  temperature.  The 
details  of  their  manufacture  is  a  special  problem  to  be 
worked  out  for  each  clay.  What  the  exac*t  quality  op 
combination  of  qualities  is,  which  makes  one  clay  superior 
for  this  purpose  to  another,  has  not  yet  l)een  established. 
There  is  no  method  vet  known  how  to  tell  a  crucible  clav 
except  to  make  crucibles  of  it  and  prove  their  quality. 


DISCUSSION  OF  THE  RECOMMENDATIONS  OF  THE 

SOCIETY'S  COMMITTEE  ON  COOPERATION— 

ESPEQALLY  THEIR  RECOMMENDATIONS 

TO  THE  STATE  GEOLOGISTS. 

PROPOSED  BY 

Heinrich  Ries,  Ithaca,  N.  Y. 

In  proposing  this  subje<'t  for  discussion  before  the 
society,  it  was  not  done  with  the  intention  of  advancing 
any  personal  views  on  the  matter,  but  rather  with  the 
object  of  ol)taining  an  expression  of  opinion  from  members 
of  the  scM^iety  outside  of  the  committee,  and  the  fact  that 
the  report  has  been  publisheil  in  sufficient  time  for  mem- 
bers to  have  read  and  digested  it,  makes  this  possible. 

The  subject  is  an  exceedingly  important  one,  and  in 
view  of  the  fact  that  the  committee  was  not  unanimous 
on  all  points,  I  believe  it  all  the  more  desirable  to  see 
what  the  general  opinion  of  others  is  on  the  several  points 
involved  in  the  report. 

Some  state  geologists  api>ear  to  be  rather  alarmed 
over  the  long  series  of  tests  proposed,  and  have  inquired 
whether  it  is  necessary  to  go  through  all  of  them  in  order 
to  find  out  what  a  clay  is  good  for.  Many  ask  whether  the 
committee  cannot  recommend  some  preliminary  tests, 
which  will  enable  them  to  determine  without  much  trouble 
whether  a  clay  is  worth  further  testing. 

A  second  disturbing  fact  is  the  apparent  cost  and  size 
of  the  equipment  necessary  in  order  to  test  the  clays. 

I  think  all  of  us,  however,  are  agreed  that  survey 
reports  dealing  with  clay  should  be  as  complete  as  pos- 
sible, in  order  to  make  them  of  value  to  the  practical  man, 
and  the  question  which  to  my  mind  may  be  debatable  is, 
whether  the  committee  report  places  proper  emphasis  on 
all  the  points  considered,  and  whether  it  has  omitted  any 
essential  details. 
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Among  the  points  included  in  the  state  recommenda- 
tions, on  which  it  seems  to  me  there  is  cause  for  discussion, 
are  the  questions  of  burning  and  chemical  analysis.  With 
regard  to  the  former,  one  maj'  question  whether  the  con- 
struction of  a  curve  such  as  that  suggested,  will  be  of 
much  value  to  the  average  clay  worker,  interesting  as  it 
might  perhaps  appear  to  a  trained  ceramist.  Its  develop- 
ment, however,  calls  for  no  burning  test  above  Cone  11, 
while  that  is  by  no  means  the  highest  heat  reached  in  the 
ceramic  industry.  Should  not  the  recommendations,  there- 
fore, call  for  a  burning  test  at  higher  temperature?  In 
the  cas<»  of  refractory  clays,  a  high  temperature  test  is 
called  for  by  most  practical  men,  and  although  the  curve 
above  refererd  to  is  said  to  enable  us  to  class  a  clay  as 
refractory,  it  does  not  tell  us  what  its  fusion  point  is. 

It  will  also  be  of  interest  to  get  the  views  of  the 
society  at  large  regarding  the  value  of  a  chemical  analysis. 
If  it  is  of  value  only  in  certain  cases,  would  it  not  have 
been  well  to  mention  these? 

I  do  not  doubt  that  there  may  be  other  points  which 
may  be  suggested  by  others,  and  1  hope  the  society  will 
discuss  the  matter  in  full. 


NOTE  ON  THE  RECOMMENDATIONS  OF  THE  COM- 

MITTEE  ON  CO-OPERATION  WITH 

STATE  GEOLOGISTS* 

BY 

S.  Geijsbeek^  Seattle,  Wash. 

Tlie  reeoiniiiendations  as  submitted  are  very  good  to 
a  great  extent.  They  have,  however,  some  defects  to  which 
I  wish  to  call  attention. 

They  recommend  that  these  Surveys  go  to  a  very  large 
amount  of  work  in  order  to  test  a  clav,  without  auv  assur- 
ance  whatever  that  these  tests  will  be  of  value  as  far  as 
the  tested  clav  is  concerned.  It  would  have  been  far  l>etter 
to  recommen<l  first  a  fire  test  to  determine  whether  it  be 
advisable  and  deemed  economically  of  value  to  go  to  the 
prescribed  tests  in  order  to  get  at  the  different  properties 
of  the  clays.  If  Surveys  go  to  all  the  trouble  and  expense 
to  test  clays,  according  to  our  recommendations,  and  then 
find  that  only  about  75%  of  the  clays  tested  have  any  value 
for  clay  workers,  they  will  throw  cold  water  on  our  recom- 
mendations. 

Under  the  heading  "Properties  of  Clay,"  I  do  not  find 
that  the  ten,sile  strength  test  has  been  recommended.  This 
test  has  certainly  a  great  value  in  the  determination  of  the 
physical  properties  of  clays,  as  it  is  a  good  indication  as 
to  the  bonding  power  of  such  clays. 

Another  point  in  which  the  recommendations  are 
totally  lacking  is  the  tests  in  regard  to  the  refractoriness 
of  clays.  One  of  the  first  questions  one  is  asked  in  regard 
to  the  testing  of  clays  is  how  high  a  heat  will  it  stand.  The 
committee  onlv  recommends  vitrification  tests  to  Cone  11, 
a  temperature  sufficient  for  low  gi-ade  clays,  but  which 
will  give  us  no  indication  whatever  as  to  the  refractoriness 
of  high-grade  clays. 

A  fusion  test  is,  in  my  opinion,  just  as  essential  as  a 
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vitrification  test,  and  should  be  incorporated  in  the  recom- 
mendations. 

The  condemnation  of  the  laboratory  test  kiln  is  a 
step  in  the  right  direction,  and  if  carried  out,  will  help 
greatly  in  the  determination  of  the  value  of  clays.  I  hardly 
think  there  has  been  enough  provision  made  regarding  the 
chemical  analvsis.  While  we  all  know  that  the  chemical 
analysis  will  not  give  us  enough  data  to  judge  the  value 
of  clays,  it  will  give  us  a  strong  point  in  determining  some 
features  which  could  not  be  otherwise  determined.  The 
total  absence  of  the  mentioning  of  tfie  rational  analysis 
is  another  defect  in  the  work  of  the  (committee. 


A   C.  S.-2J 


NOTE  ON  REPORT  OF  COMMITTEE  ON  CO-OPERA- 
TION WITH  GEOLOGICAL  SURVEY. 

BY 

K.  K.  Hick,  Beaver,  Pa. 

Personally  I  am  {jflad  that  Dr.  Ries  has  placed  this 
subject  for  discussiou  before  the  Society.  Since  the  report 
of  the  committee  wils  made  I  have  talked  and  corresponded 
with  a  number  of  State  Geologists  who  are  interested  in 
this  subject,  and  cme  of  the  inquiries  relative  thereto  was 
in  reference  to  the  matter  of  field  analysis,  which  in  some 
states,  at  least,  would  be  most  valuable,  if  such  a  scheme 
can  be  devised. 

In  some  of  the  states  we  find  all  kinds  of  clavs — fir«» 
clay,  plastic  and  non-plastic,  sedimentary  and  residual 
clays,  fossil  clays  of  past  geological  ages  and  clays  of 
recent  deposition,  shales  and  glacial  clays  of  infinite  var- 
ietv,  etc. — while  in  other  sections  of  the  countrv  we  have 
days  that  are  suitable  for  nothing  but  the  most  common 
products.  For  these  reasons  the  State  Geologists  do  not 
have  in  all  cases  the  same  problems,  and  for  the  same  rea- 
sons portions  of  any  scheme  of  testing  vaW  not  be  appli- 
cal)le  in  every  region.  The  tests  must  therefore  embrace 
much  that  would  be  unnecessary  in  some  se(*tions,  and,  in 
the  absence  of  such  informati(m  as  is  suggested  in  the 
recommendations  to  the  U.  S.  Geologists,  any  general 
scheme  will  undoubtedly  omit  some  tests  which  should  be 
applied,  to  higher  gmde  clays  especially.  At  the  same 
time  it  must  be  expected  that  the  State  Geologist  will  very 
properly  raise  the  <|uestion  whether  or  no  he  should  point 
out  the  special  adaptability  of  any  particular  clay  to  the 
production  of  any  special  product.  The  question  raised 
by  Dr.  Lane,  of  the  possibility  of  field  tests  which  would 
eliminate  much  useless  nmterial  from  further  study,  seems 
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to  me  most  valuable  from  the  view  of  the  geologist,  and 
it  is  certainly  of  no  advantage  to  the  ceramist  to  have  a 
lot  of  useless  work  done  in  the  lal)oratory.  Dr.  Lane  has 
had  a  detailed  study  of  the  waters  of  Michigan  under  way, 
and  the  field  analysis  of  water  has  rendered  possible  such 
detaile<l  work.  Few  of  us,  perhaps,  appreciate  the  peculiar 
advantage  of  a  small  pocket  case,  filed  with  reagents  in 
tablet  form,  over  the  ordinary  laboratory  water  analysis; 
but  the  tablet  has  not  rendered  laboratory  work  unneces- 
sary. Tlie  entire  state  of  Michigan  is  covered  with  glacial 
deposits  with  a  vast  number  of  glacial  clays,  most  of  which 
are  calcareous.  Manv  of  these  are  absolutelv  useless,  yet 
in  the  field  one  cannot  determine  the  fact. 

l)r  Lane  asks,  "Cannot  a  test  be  devised  that  will  at 
once  show  the  uselcsHursm  of  some  of  these  davs?"  It  cer- 
tainly  sc^ms  that  something  might  be  done  in  this  line.  A 
small  portable  furnace  might  be  valuable  as  part  of  such 
equipment. 

In  the  recommendations  made  to  the  State  Geologists 
chemical  analysis  was  puri)08ely  omitted.  None  of  us 
really  pla(*e  mu(*h  value  in  analyses  as  thej^  are  now  made. 
I  had  a  case  of  this  kind  before  me  recently.  A  clay  had 
been  analyzed  and  the  report  started  out  with  the  state- 
ment "no  soluble  salts  present.''  Then  followed  the  tabu- 
lated n^ult  of  the  work  showing  VaO  and  MgO  present, 
closing  with  a  percentage  of  SO3.  Now  I  do  not 
imagine  that  SO3  was  lying  around  loose  in  the  clay 
in  an  uncombined  state  in  the  presence  of  lime  and 
magnesia,  nor  do  I  think  if  combined  with  lime  or 
magnesia  there  were  no  soluble  salts  present.  As  now 
made,  a  chemical  analysis  makes  practically  no  attempt 
to  show  the  vari(ms  chemical  compounds  present,  and  until 
Ave  have  this  knowledge  and  the  amounts  of  these  com- 
pounds, which  are  the  constituents  of  a  clay,  we  cannot 
expect  any  real  advantage  from  chemical  analysis,  and 
only  when  we  have  the  knowle<lge  of  the  compounds  pres- 
ent can  we  make  a  proper  rational  analysis.  In  this  we 
are  in  the  same  position  a«  the  student  of  fuels.    Ultimate 
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analyses  of  fuels  have  been  made  in  countless  numbers, 
but  their  value  is  relativelv  small,  and  todav  the  demand 
is  not  for  the  percentage  of  C,  O,  H,  etc.,  but  the  propor- 
tions of  the  various  hydro-carbon  compounds  present.  I 
fully  believe  the  proper  study  of  the  technics  of  clay  analy- 
sis will  result  in  such  improved  and  changed  methods  as 
will  give  the  desired  information. 

Another  test  omitted  in  the  State  recommendation.s 
was  the  tensile  strength  test.  The  value  of  this  test  seems 
to  me  very  doubtful.  When  made  on  a  clay  it  shoAvs  the 
combined  effect  of  several  properties;  cohesion,  adhesion, 
etc.,  which  are  affected  by  the  size  and  also  by  the  shape 
of  the  clay  particles,  and  consequently  the  result  of  a 
tensile  strength  test  cannot  be  used  as  a  factor  for  any 
other  sized  particles  of  the  clay,  nor  as  a  factor  represent 
ing  the  bonding  power  of  the  clay  when  grog  of  any  kind, 
size,  or  shape  is  used. 

The  fact  that  most  clays  coming  to  the  view  of  the 
State  Geologist  are  of  low  grade  must  not  be  overlooked. 
I  must  agree  with  Prof.  Binns  that  it  is  rarely  we  need 
to  go  beyond  Cone  10.  By  far  the  greater  number  of  clays 
will  fail  at  a  low  heat.  Again  it  is  the  object  of  the  Geo- 
logical Survey,  I  take  it,  to  only  point  out  such  facts  as 
show  the  inherent  qualities  of  clays,  leaving  the  manufac- 
turer to  determine  the  use  for  any  specific  purpose. 

We  at  present  have  very  little  real  knowledge  of  clay, 
and  it  must  be  said  that  we  are  confronted  with  the  prac- 
tical proposition  that  the  present  unsatisfactory  state  of 
the  knowledge  of  clays  is  due  largely  to  the  want  of  har- 
mony among  cJay  workers.  Nothing  is  more  needed  than 
a  determination  of  the  proper  tests  to  apply  to  clay.  Old 
as  the  industry  is,  and  as  diversified  as  it  has  become,  we 
must  all  agree  that  we  have  practically  no  real  knowledge. 
We  are  in  the  same  position  as  the  iron  industry  was  not 
many  years  ago,  but  it  has  advanced  with  vast  strides, 
while  in  ceramics  we  are  still  in  hailing  distance  of  our 
position  of  many  years  ago.  Our  knowledge  of  higher 
class  goods  is  rapidly  increasing,  but  regarding  the  foun- 
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dation,  the  clays  themselves,  we  have  been  at  a  stand  still. 
This  is  not  as  it  ought  to  be.  Standing  so  near  the  top  of 
the  manufacturing  industries,  it  is  not  right  that  we 
should  be  compelled  to  admit  that  we  hardly  know  what 
a  product  will  be  until  it  is  out  of  the  kiln.  Yet  such  is 
the  case,  and  no  real  progress  will  be  made  until  the  clay 
people  get  together  in  some  harmonious  manner.  If  the 
clay  industries  put  up  the  demand  for  the  critical  study 
of  the  subject  its  importance  demands,  and  are  a  unit  in 
demanding  of  t'ongress  that  a  proper  appropriation  be 
made,  of  a  similar  magnitude  to  that  made  for  the  fuel 
tests,  then  we  may  expect  results,  and  the  questions  daily 
arising  can  be  solved;  but,  in  the  absence  of  a  united  front 
toward  Congress,  we  can  only  look  for  such  work  on  behalf 
of  the  United  States  as  is  required  to  meet  the  demands 
of  the  several  departments,  and  these  are  largely  met  by 
testing  the  finished  products  for  strength, — and  not  such 
studies  as  point  out  the  defects  of  methods  of  manufacture 
or  faults  inherent  in  the  materials  used,  or  how  these  may 
me  met  and  corrected.  A  start  by  the  F.  S.  Survey  in 
testing  of  clay  goods  will  be  made  this  year,  but  the  present 
views  of  (,^ongress,  as  expressed  in  the  limitations  of  the 
appropriation  bills,  are  not  to  encourage  any  real  study, 
but  these  conditions  could  be  easily  met  if  the  clay  work- 
ers would  hold  together. 

DISCUSSION. 

(None  of  the  authors  of  the  preceding  "Notes"  were 
present  at  the  meeting.  Prof.  Parmelee  read  the  com- 
munication from  Dr.  Ries,  and  Prof.  Orton  read  that  from 
Mr.  Geijsbeek  and  stated  that  he  had  received  from  Mr. 
Hice,  then  in  Florida,  a  letter  in  regard  to  the  inquiry  of 
Dr.  Lane  upon  the  question  of  how  far  field  tests  can  be 
used  in  determining  the  value  of  clay.  The  note  from  Mr. 
Hice,  printed  above,  has  been  sent  in  since  the  meeting. 

It  has  been  necessary,  on  account  of  the  limit  placed 
upon  the  number  of  pages  in  this  volume,  to  abridge  con- 
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siderably  tlie  discussion  that  folio \ved  the  presentation  of 
this  subject. — The  Editor.) 

Mr,  Orton  :  There  is,  in  the  last  part  of  the  program, 
the  title  of  a  note  by  31  r.  Hice,  "How  far  can  Field  Tests 
be  used  in  Determining  the  Value  of  Clays?"  I  request 
your  indulgence,  if  I  bring  the  discussion  of  this  question 
in  at  this  time.  This  question  really  is  by  Dr.  Lane,  State 
Geologist  of  Michigan.  It  is  one  of  the  first  fruits  of  our 
co-operation  committee's  work.  He  has  brought  in  a  prac- 
tical query  from  the  standpoint  of  a  man  who  has  work 
to  do.  He  wants  light.  Dr.  Lane's  problem  is  about  the 
same  as  those  indicated  by  Mr.  Geijsbeek  and  I  think  by 
Dr.  Ries,  viz.,  how  much  of  thif^  work  of  testing  clay  sam- 
ples should  be  done  on  samples  of  which  we  know  nothing? 
How  far  does  it  pay  us  to  make  these  long  investigations, 
when,  as  Mr.  GeijslK^ek  puts  it,  seventy-five  percent  are 
''no  good'-  when  tested? 

Dr.  Lane  evidently  has  run  into  this  practical  prob- 
lem because  they  have  in  his  state,  he  saj^s,  a  large  percent- 
age of  drift  clays  whose  value  is  limited  to  soft  mud  com- 
mon brick  and  drain  tile.  He  says,  "Must  my  men  go 
into  the  field,  sample  these  clays,  send  large  quantities  of 
them  to  the  survey  station,  and  put  them  through  the 
formal  test  rec^ommended  by  your  committee  to  determine 
their  value?  Can  we  not  have  a  "field  test"  on  the  sample, 
made  either  in  the  field  or  at  the  village  or  hamlet  at  which 
the  sampling  expert  will  stay  the  next  night?  May  we 
not  bv  some  such  a  test,  have  sufficient  warrant  to  send 

a.  7 

them  in  to  the  station  for  further  investigation,  or  to 
reject  them  altogether? 

Mr.  Hice  wrote  me  that  in  his  opinion  it  would  be  a 
simple  matter  to  devise  a  rough  apparatus  by  which  the 
content  of  free  carbonate  of  lime  in  a  dav  could  be  de- 
termimni  in  the  field,  and  information  obtained  which 
would  throw  the  clay  out  at  once,  or  entitle  it  to  fuller 
and  better  test. 

Mr.  Hice  also  propounds  the  question  as  to  what 
the  members  of  the  society  may  think  of  a  portable  gaso- 
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lene  inuffle-furnace  in  which  short  tests  could  be  made, 
setting  it  up  anywhere,  and  getting  results  in  two  or  three 
hours  sufficient  to  warant  throwing  a  sample  out,  or  carry- 
ing the  investigation  further. 

Mr.  Stover:  If  any  way  can  be  devised  of  doing  the 
preliminary  work  within  say  twenty- four  hours,  as  sug- 
gested, so  we  can  tell  whether  the  clay  has  any  commercial 
value  at  all,  it  seems  to  me  it  would  be  a  very  important 
point  for  the  state  surveys  to  have  tliat  information.  But, 
assuming  that  you  have  rc*ached  the  conclusion  that  you 
have  a  highly  refractory  clay  that  will  nmke  a  fire  brick, 
do  the  meml>ers  believe  that  ("one  11  will  be  a  high  enoirgh 
fire  for  a  clay  which  has  gone  through  the  preliminary 
test  and  tested  out  as  a  fire  clav?  I  do  not  believe  it  is 
high  enough.  So  I  will  ask,  as  much  for  information  as 
anj^thing  else,  why  not  in  cases  where  it  is  assumed  that 
you  have  a  highly  refractory  clay  accept  the  (jerman 
Standard  and  fire,  say,  up  to  Cone  27,  and  give  a  full 
report?  In  any  case,  when  the  first  test  has  bee^i  devised, 
I  can  see  no  reason  whv  both  the  chemical  and  rational 
analyses  should  not  be  given. 

Mr,  Fojt:  I  had  occasion  in  Illinois  to  test  quite  a 
number  of  clays  sent  in  from  different  parts  of  the  state 
for  the  State  Geological  Survey.  As  was  said  by  Mr. 
(feijsl)e(*k,  about  seventy-five  percent  of  these  clays  sent 
in  are  exceedingly  po(U'  grade.  So  far  as  a  test  for  the 
calcarious  clays  is  concerned,  I  think  it  will  depend  largely 
upon  circumstances.  Sometimes  in  the  field  we  find  lime 
in  lumps  large  enough  and  in  quantity  enough  to  condemn 
the  clay  at  once.  On  the  other  hand  we  have  had  clavs 
sent  in  that,  so  far  as  an  examination  would  show,  nothing 
could  be  told  about  the  value  of  the  clay  for  the  manufac- 
ture of  ware,  so  far  as  the  lime  content  was  concerned. 

The  question  as  to  whether  or  not  we  can  readily 
test  clays  which  mav  be  more  refractorv,  I  mav  sav  the 
indication  process  is  quite  simple.  We  used  for  tlu^e  pre- 
liminary tests  an  ordinary  gas  kiln,  gas  and  compressi*d 
air.    The  samples  were  made  up  in  the  form  of  Seger  cones 
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and  were  mounted  on  placques  with  the  standard  Seger 
cones,  distributed  in  such  a  way  that  when  the  clay  failed, 
the  cone  at  which  it  failed  would  also  be  indicated.  I  found 
with  a  small  furnace  it  was  possible  to  carry  the  burning 
test  in  not  more  than  six  or  eight  hours  up  as  high  As 
Cone  30.  For  our  common  shale  clays,  we  can  begin,  say 
with  our  placque  set  with  Cones  1  to  10,  and  our  second 
burn  carrying  us  from  ten  usually  to  the  failing  point  of 
the  clay ;  and  with  our  small  furnace  the  heat  can  be  raised 
rapidly  so  the  tests  can  be  completed  in  from  two  to  eight 
hours,  depending  on  whether  two  or  more  burns  are  neces- 
sary. 

Mr.  Binns :  I  hare  had  this  matter  under  some  con- 
sideration, and  I  have  read  the  report  somewhat  carefully; 
and  I  think  upon  the  whole  I  agree  with  the  view  that 
some  further  recommendations  be  made,  as  suggested  by 
Dr.  Ries  and  "Mr.  Geijsbeek.  It  is  only  rarely  that  we 
want  to  go  beyond  Cone  10.  Refractory  clays  are  not  so 
abundant  as  they  might  be.  It  is  true  that  probably  ninety 
percent  of  the  clays  can  be  condemned  or  partially  ap- 
proved with  a  very  simple  test. 

Now,  as  to  the  possibility  or  practicability  of  a  field 
test  which  will  be  available  in  the  hands  of  the  field  man, 
I  rather  fear  that  unless  he  were  an  especially  trained  clay 
man,  there  would  be  some  difficulty;  because  we  all  know 
how  very  high  in  the  examination  of  clays  the  personal 
equation  is.  Those  who  are  always  handling  clays  can 
come  to  more  reliable  conclusions  than  those  who  approach 
the  question  from  a  geological  standpoint,  and  the  geolo- 
gist who  does  the  ordinary  field  work  is  not  an  especially 
trained  clay  man.  I  do  not  know  whether  they  are  putting 
specially  trained  clay  men  in  the  field,  or  giving  the  work 
to  those  who  are  undertaking  geological  studies  simply. 

I  think  the  idea  of  a  portable  gasolene  furnace  is  prob- 
ably better  and  more  satisfactory  than  a  portable  quanti- 
tative analytical  outfit.  The  recommendation  of  the  gaso- 
lene furnace,  at  the  same  time,  does  not  chime  with  the 
committee's  recommendation  as  to  the  abandonment  of  the 
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common  laboratory  kiln.  And  if  the  laboratory  kiln  is 
condemned  for  its  work,  can  we  devise  a  gasolene  furnace 
which  will  give  better  results  in  the  field  than  this  does 
in  the  laboratory?  I  should  like  to  see  burning  tests  car-, 
ried  out  tentatively  in  the  field,  but  I  do  not  see  how  we 
can  expect  to  arrive  at  satisfactory  results  by  the  use  of 
a  very  small  furnace  in  the  field,  or  results  different  from 
those  which  have  led  to  the  condemnation  of  the  common 
laboratory  kiln.  It  has  been  rather  interesting,  as  showing 
the  difference  of  opinion  or  the  uncertain  state  of  opinion 
on  this  subjec  t,  to  hear  objections  raised,  on  the  one  hand, 
that  state  geologists  are  being  put  to  too  great  expense; 
and,  on  the  other  hand,  the-suggestion  that  tests  should  be 
carried  higher  than  Cone  11.  The  suggestions  to  the 
National  Government  are  admirable,  I  think,  on  the 
whole;  but  in  regard  to  the  suggestions  to  state  geologists 
I  think  we  will  rather  scare  them  into  doing  no  work  by 
the  fact  that  the  specifications  laid  down  are  so  heavy  that 
few^  will  feel  able  'to  undertake  work  of  that  character  and 
scope. 

Mr.  Moore:  I  believe  that  the  porosity  and  specific 
gra>'ity  determination,  as  determined  on  pieces  burned  at 
different  temperatures,  furnishes  the  best  means  of  judg- 
ing the  commercial  possibilities  of  a  clay. 

In  regard  to  the  gasolene  kiln  for  high  temperature 
work,  I  would  say  that  I  do  not  believe  it  is  reliable  enough 
to  base  a  scientific  opinion  as  to  the  refractoriness  of  a 
clay.  My  reason  for  this  is  that  the  gas  flame  striking  the 
cone  causes  it  to  bend  at  a  temperature  far  l>elow  its  cor- 
rect melting  point.  Such  a  kiln  should,  I  believe,  be  used 
only  in  preliminary  work. 

Mr,  Yates :  I  think  the  analvses  of  the  davs  should 
be  the  clay  worker's  guide.  The  analysis  is  what  the 
practical  clay  worker  goes  by.  The  next  test  is  the  burn- 
ing in  the  kiln.  I  would  like  to  know  if  a  man  can  get 
satisfactory  results  by  this  testing?  A  man  puts  a  piece 
of  crude  clay  in  a  furnace  and  burns  it  and  gives  his  opin- 
ion, but  I  would  not  think  much  of  that  test.    What  we 
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want  is  the  analysis.  If  it  is  worth  (l<3ing,  it  is  worth 
doing  well. 

Mr.  Fod*\  I  think  the  gentleman  who  just  spoke  is 
under  some  misapprehensicm  as  to  the  method  of  sampling 
the  elavs  to  be  tested. 

I  agree  with  the  proposition  that  anything  worth 
doing  is  worth  doing  well, — yet  I  have  yet  to  be  convinced 
that  the  chemical  analysis  of  a  clay  will  tell  even  the  prac- 
tical clay  man  very  much  of  the  (lualities  of  the  clay.  I 
claim  in  some  respects  to  be  a  practical  clay  worker  my- 
self; but  if  I  were  going  to  rely  on  any  one  thing  it  would 
he  upon  the  pyrometric  test  of  the  clay,  rather  than  upon 
the  chemical  or  physical  conditions  of  the  materials,  be- 
cause there  are  so  numy  things  in  the  clay  mass  that  we 
cannot  possibly  get  at  in  any  other  A>'ay  than  by  a  pyro- 
metric te>«t. 

The  use  of  a  small  kiln,  which  seems  to  be  the  point 
under  discussion,  is  not  for  the  final  determination,  but 
simply  for  weeding  out  the  materials  that  are  useless;  and 
when  it  comes  to  the  examination  of  the  small  number 
which  will  pass  the  test  of  the  small  kiln,  then  it  i-s  worth 
while  to  go  into  the  more  elaborate  tests. 

I  am  inclined  to  think  it  would  be  better  to  have  the 
samples  sent  to  the  laboratory  rather*  than  try  to  make 
these  tests  in  the  field.  Any  survey  which  goes  far  enough 
to  send  a  man  into  the  field  to  collect  samples  will  cer- 
tainly not  object  to  paying  the  small  amount  required  for 
expressage  to  send  the  samples  to  the  laboratory,  wli^re 
thev  could  be  much  more  satisfactorily  treated. 

Mr.  Purdjj'.  If  we  omitted  high  temperature  tests 
for  fire  clays,  it  was  a  mistake.  The  fact  remains,  however, 
that  all  cla\"s  which  stand  (^one  26  are  not  refractory  in 
sense  of  being  a  No.  1  fire  clav  and  serviceable  in  wares 
requiring  ()])en  structures.  In  our  tests  Cone  1 1  happened 
to  be  tlie  maximum  cone  to  which  vitrification  rate  was 
te'ted.  It  was  not  intended  that  the  test  be  limited  to 
(^one  11. 

As  to  the  chemical  analysis,  what  I  said  a^^  to  the 
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refractoriness  of  c-lay  will  also  apply  to  the  chemical  analy- 
sis. We  cannot  tell  much  from  the  ultimate  chemical 
analysis,  for  instance,  as  to  suitability  for  paving  brick 
manufacture. 
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A  REPLY  TO  THE  DISCUSSION  OF  THIS  PAPER,  BY  EDWARD 

ORTON,  JR  ,  IN  VOL.  DC. 

BY 

A.  S.  Watts. 

In  Volume  IX  of  the  Transactions  of  this  Society, 
there  appeared  under  the  head  of  Discussion,  in  my  article 
on  "Porcelain  for  Electrical  Purposes,"  an  article  or  criti- 
cism from  the  pen  of  Professor  Orton,  to  which  I  wish  to 
make  reply. 

(1)     Professor  Orton  Kays  in  his  opening  statement: 

^*Mr.  Watts  has  perhaps  shown  that  discretion  is  the 
better  part  of  valor  in  not  attempting  to  deduce  conclu- 
sions from  the  foregoing  evidence,  for  there  is  much  that 
is  contradictory  in  his  figures  even  when  correlated  and 
reduced  to  tlieir  lowest  terms."  In  rebuttal,  I  call  atten- 
tion to  page  608,  on  which  I  state  specifically  that  the  table 
offered  compares  maturing  temperatures  with  dielectric 
strength,  and  these  are  compared  and  a  statement  made  in 
the  lines  immediatelj^  following.  The  above  remark  was 
obviously  unjust,  for  I  did  draw  a  direct  conclusion  from 
the  data  offered. 

Further,  the  second  part  of  my  article,  which  was  the 
portion  calling  forth  Professor  Orton's  discussion,  was  a 
note  addtnl  as  an  afterthought  and  was  not  offered  as  con- 
clusive evidence,  but  merely  as  additional  evidence  to  show 
that  the  dielectric  strength  of  porcelain  increased  as  vitri- 
fication increased,  even  past  the  point  where  warping  de- 
velops to  a  pronounceil  degree,  thus  justifying  the  state- 
ment elsewhere  set  down,  that  we  cannot  expect  maximum 
tensile  and  abrasive  strength  and  maximum  dielectric 
strength  in  the  same  porcelain.  This  fact  is  not  only  shown 
in  the  data  offered,  but  the  conclusion  is  stated  in  so  manv 

no 
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words  on  page  608;  hence,  the  statement  that  I  did  not 
draw  conclusions  is  erroneous.  In  fact,  Professor  Orton, 
after  studying  the  data  offered,  on  page  615,  reaches  a 
conclusion  which  is  almost  identically  the  same  as  my 
statement  made  on  page  608. 

(2)  He  next  states  that  '^A  part  of  this  difficulty 
conies  from  the  structure  of  the  series  itself,  in  which  there 
are  too  manj^  variables." 

This  statement  is  also  misleading.  Professor  Orton 
has  never,  so  far  as  I  know,  constructed  a  series  in  which 
there  were  as  few  variables  as  in  this  series.  He  always 
taught  in  his  class  work  to  form  series  by  substitution, 
which  necessarilv  introduces  two  variables.  In  the  series 
presented  in  my  table,  the  porcelains  run  from  0.15  RO, 
AljOa,  5.5  SiOa'to  0.50  RO,  AI2O3,  5.5  SiOg,  in  which  only 
the  RO  varies.  Further,  it  is  plainly  apparent,  that  the 
whole  variation  is  in  KgO  alone,  which  runs  from  zero  up 
to  0.35,  and  in  e(iual  steps  of  0.025  equivalent  each.  Can 
a  series  be  made  with  less  variables  than  this?  Does  the 
fact  that  I  have  chosen  to  varv  bv  additiottfi  to  a  formula, 
instead  of  bj^  suhstitution  in  a  formula,  make  my  work 
fairly  open  to  Professor  Orton's  charge  of  too  manj' 
variables? 

(3)  He  next  says  that  one  end  of  the  series  "is  fluxed 
with  lime  alone,  and  would  not  be  seriously  expected  t) 
produce  desirable  results.''  It  seemed  to  ine  advisable  to 
extend  this  end  of  the  series  to  zero  KoO,  since  in  the 
formation  of  the  series  with  .15  CaO  constant,  this  was 
one  of  the  natural  extremes.  In  fact,  it  is  almost  inva -- 
iable  in  the  forming  of  a  series  of  ceramic  mixtures  to  dis- 
cover the  effect  of  one  or  other  of  the  ingredients,  to  carry 
the  extremes  well  beyond  the  point  of  favorable  results. 
How  else  can  the  area  of  permissible  variations  be  know'\ 
except  by  pushing  the  variations  beyond  the  permissiblt* 
and  by  the  very  failures  produced,  show  that  the  bounda^  y 
has  been  passed  ? 

(4)  "On  top  of  this  comes  the  consideration  of  tie 
behavior  of  these  bodies  at  three  different  temperatures.'* 
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says  l^rofesKor  Orton.  t)n  page  608,  in  introducing  the 
data,  I  stated  that  I  was  oflfering  a  table  in  which  the  di- 
elec*tric  strengths  were  comparable  with  the  maturing  tem- 
peratures. To  do  this  it  was  neci*ssary  to  cover  the  range 
of  temperatures  between  Cone  6  and  12,  and  I  said  in 
explanation  that  the  same  phenomena  were  obser\'ed  in 
this  set  of  trials  as  were  noted  in  the  former  paper  on  this 
subject,  etc.  Was  this  firing  at  three  different  tempera- 
tures an  error,  which,  as  Professor  Orton  implies,  makes 
the  paper  less  valuable  or  more  difficult  to  understand? 
Itather,  does  it  not  furnish  exactly  the  data  intended ;  i.  e., 
enable  us  to  compare  the  dielectric  strength  with  the  ma- 
turing temperatures? 

(5)  Lastly,  Professor  Ortcm  rather  condemns  me  for 
not  going  further  into  the  interpretation  of  the  data  of- 
fered, and  proceeds  to  endeavor  to  interpret  it  for  me. 
However,  he  ends  up  (as  I  could  have  warned  him  he 
would)  by  stating  that  **flaws  are  so  hard  to  detect  and 
are  such  a  fruitful  source  of  error  that  only  bv  resortinjj 
to  an  average  of  a  number  of  tests  can  we  learn  anything 
reliable  as  to  tendencies."  This  last  stateuient  is  correct, 
and  it  is  a  justification  of  my  course  in  not  attempting  to 
deduce  conclusions  of  importance  in  the  case,  for  the  very 
reason  that  he  gives,  viz.,  there  was  not  a  sufficient  number 
of  tests  to  give  us  the  necessary  averages  for  reliaWe 
conclusions. 
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Further  Discussion  by  Edward  Orton^  Jr. 

Replying  to  Mr.  Watts'  second  note  on  this  subject 
in  which  he  takes  exception  to  some  of  the  points  of  my 
lirst  discussion,  I  mav  sav  that  in  item  (1)  llr.  Watts  un- 
doubtedly  has  the  best  of  the  argument.  On  page  608,  he 
does  announce  the  purpose  of  forming  the  series  on  page 
H09,  and  immediately  after,  does  in  an  infonnay  way  an- 
nounce that  the  results  made  good  their  purpose.  I  was 
mislead  by  his  last  sentence,  on  page  611,  in  which  he  saj's 
"Any  attempt  to  discuss  the  foregoing  would  make  too 
lengthy  an  article,  and  I,  therefore,  have  decided  to  offer 
the  data  and  leave  the  interpretation  to  you.*'  From  this 
sentence,  I  naturally  concluded  that  Mr.  Watts  did  not 
himself  think  he  had  deduced  conclusicms  from  his  data, 
and  did  not  hunt  back  in  the  earlier  portions  of  his  article 
to  find  them.  An  effort  to  interpret  the  data  seems  to  be 
partially  invited  by  Mr.  Watts'  own  words,  and  their  pub- 
lication without  interpretation  either  by  the  author  or 
someone  else,  seemed  at  the  time  and  still  seems  to  me  to 
be  scarcely  worth  while. 

(2)  On  the  question  of  the  method  of  forming  series, 
whethei*  by  ^substitution  or  addition,  much  may  be  said. 
Mr.  Watts  is  right  in  criticising  my  statement  of  the 
numhcr  of  variables.  Mv  statenient  was  looselv  made  and 
is  not  technically  exact  as  all  statements  ought  to  be,  es- 
pecially when  made  in  criticism  of  another's  views.  But, 
while  technically  inexact,  I  still  think  that  I  was  right  in 
the  broader  sense — for  his  additions  have  produced  a  series 
of  such  very  wide  range  of  properties,  that  it  has  to  all 
intents  and  purposes  made  close  comparison  impossible, 
and  that  ^^tls  what  my  statement  meant.  I  should  havo 
said  "in  which  there  is  too  wide  a  variation"  instead  of 

"too  manv  variables." 
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On  this  question  of  series  by  substitution  vs.  series 
by  addition,  it  may  be  said  that  the  former  does  necessarily 
involve  two  variable  members,  but  a  body  or  glaze  of  more 
or  less  practical  type  is  assured  at  all  points  between  the 
extremes,  if  the  latter  are  well  designed. 

Take  for  instance  Series  I  of  porcelains : 

(i)  0.35  K2O  0.15  CaO  1. 00  AUOa  550  SiO. 

(2)  0.30  KaO  0.20  CaO  1. 00  Als^s  5.50  SiO- 

Scries  I     (3)  0.25  K2O  0.25  CaO  i.oo  AUOs  5.50  SiO- 

(4)  0.20  K2O  0.30  CaO  1.00  AI2O3  5.50  SiO- 

(5)  0.15  KnO  0.35  CaO  1.00  AUOa  5-50  SiO» 

in  which  substitution  is  pra(*tical  between  KgO  and  CaO, 
versus  Series  II : 


Scries  II 


(I) 
(2) 
(3) 
(4) 
(5) 


0.35  KsO  0.25  CaO 

0.30  K2O  0.25  CaO 

0.25  K2O  0.25  CaO 

0.20  K2O  0.25  CaO 

0.15  K2O  0.25  CaO 


1.00  AI9O; 
1.00  AUO; 

1.00  AI2O; 


5.50  SiOs 
5.50  SiO. 
1 .  00  /\i2W3    5 .  50  SiOs 
1.00  AI2O3    5.50  Si02 
1.00  AI2O8     5.50  SiOa 


in  which  the  changes  are  by  suhtraction  from  and  not 
suhstitution  in  the  formula. 

The  equivalents  of  the  four  materials  from  which 
these  two  series  of  l>odies  would  be  compounded,  are  as 
follows : 

SERIES  I. 


Ingredient 


cr 


Spar 
Whitina: 
Clay 
Flint 


0.35 
0.15 
0.65 
2.10 


0.30 
0.20 
0.70 
2.30 


Oxygen  Ratio   I   I  :3. 14  '   i  :3. 14 


0.25 
0.25 

0.75 
2.50 

1:3.14 


0.20 
0.30 
0.80 
2.70 

1:3.14 


0.15 

0.35 
0.85 
2.90 

1:314 


SERIES  II. 


Ingredient 


T 


Spar 


0.35 


Whiting    I     0.25 

Clay    !     0.65 

Flint    '     2.10 


3 


Oxygen  Ratio   i  :3  07 


0.30 
0.25 
0.70 
2.30 


I 


0.25 
0.25 

0.75 

2    CO 


0.20 
0.25 
0.80 
2.70 


1:3.10  '    1:3.14  I    1:3.19 


0.15 
0.25 

0.85 
2.90 

1  .3.23 
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An  inspection  of  tliese  two  tables  of  equivalents  shows 
that  the  latter  has  the  advantaj^e  bj  having  three  variable 
ingredients  instead  of  four,  but  has  a  variable  oxygen 
ratio,  while  the  former  has  four  variable  ingredients  and  a 
fixed  ratio.  All  of  which  shows  that  absolute  elimination 
of  variables  is  impossible,  and  that  the  system  of  series 
construction  which  I  generally  use  and  have  taught  for 
some  years,  is  after  all  as  little  open  to  objection  as  any 
that  can  be  framed.  I  have  mj\self  occasionally  made 
series  by  addition^  but  for  nearly  all  purposes  prefer  the 
substitution  method. 

In  both  of  the  above  series,  the  object  planntnl  was  to 
expose  the  tendency  or  characteristic  behavior  of  CaO  vs. 
K2O,  and  as  before  stated,  I  think  this  can  best  be  done 
by  keeping  the  oxygen  ratio  constant  and  the  general  t^rpe 
of  the  body  the  same.  Now,  if  the  object  had  been  to  show 
the  effect  of  changing  tlie  fusibility  or  maturing  tempera- 
ture, then  it  would  have  been  equally  easy  to  maintain 
the  RO  constant  and  vary  the  oxygen  ratio,  thus  obtaining 
a  very  simple  and  easily  comparable  series  of  trials. 

My  objection  to  Mr.  Watts'  series,  was  thift  as  it  was 
constructed  it  gave  a  series  of  porcelains  in  which  both 
maturing  temperature  and  RO  constitution  were  varied  at 
the  same  time,  and  it  was  therefore  diflScult  to  say  to  which 
variation  the  phenomena  were  due.  In  this  sense,  my 
criticism  was  perfectly  just.  On  the  face  of  it,  Mr.  Watts' 
series  has  one  variable  while  in  effect  it  has  two. 

(3)  Regarding  the  third  point,  viz.,  the  use  of  CaO 
as  the  sole  RO  in  one  end  of  the  series,  I  think  that  Mr. 
Watts'  defense  of  his  position  is  entirely  adequate.  There 
was  no  hope  of  making  a  useful  porcelain  of  the  composi- 
tion 

.13  CaO       1.  Al20a        5.5  SiO„ 

but  Mr.  Watts  knew  that  as  well  as  any  one,  and  if  for 
the  purpose  of  carrying  out  the  symmetry  of  his  series 
and  of  pushing  it  clearly  outside  the  limits  of  possible  use, 
he  chose  to  go  down  to  all  lime  and  no  potash,  no  criticism 
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can  properly  be  made  of  him  for  it.  In  fact,  no  serious 
criticism  was  made  of  it  in  mv  former  remarks.  What  I 
said  on  this  point  was  in  the  same  conne<-tioQ  as  the  matter 
discussed  in  section  2,  and  was  chiefly  a  commentary  on 
the  wide  extent  of  his  series  and  tlie  consequent  difficulty 
of  interpreting  its  results,  rather  than  on  the  use  of  CaO 
alone. 

(4)  On  the  fourth  point,  Mr.  Watts  is  unqualifiedly 
right  and  I  was  equallj'^  wrong.  The  use  of  the  three  tem- 
peratures was  necessary  to  the  deyelopment  of  the  facts 
which  he  had  announced  at  the  beginning  of  this  portion 
of  his  paper,  (p.  (>08),  and  as  I  have  repeatedly  used  the 
same  expedients  in  my  classwork,  and  in  inyestigation 
work,  it  is  difficult  to  see  how  the  statement  could  haye 
been  allowed  to  creep  into  print,  except  from  inexcusable 
haste  and  lack  of  careful  editing. 

(5)  I  differ  with  Mr.  Watts  as  to  the  point  made  in 
his  fifth  topic,  and  in  fact  the  whole  matter  has  arisen 
from  just  this  difference  in  point  of  view.  I  think  Mr. 
Watts'  data  are  valuable  (in  spite  of  the  various  criticisms 
which  I  have  made  of  it)  ;  the  facts  brought  out  are  good, 
and  are  worth  while.  I  thought  he  slumld  haye  inter- 
preted the  data,  as  he  could  liave  done  it  l>etter  than  any 
one  else  could  possibly  do.  Rut  in  his  last  words,  he  speci- 
fically threw  this  task  on  others.  Rather  than  let  the  data 
go  un-analyzed,  I  wrote  a  digest  of  it  myself.  The  fact 
that  my  conclusion,  reached  without  any  pretensions  to 
expert  knowledge  of  the  electric  porcelain  field,  should 
have  check(^l  liis  own  expert  views,  seems  to  me  a  sufficient 
justification  for  the  labor  expended  on  it,  and  justifies  my 
contention  that  the  data  was  worth  interpreting  and  that 
Mr.  Watts  was  the  man  to  do  it. 


A  STUDY  OF  A  TYPE  OF  MATTE  GLAZE 
MATURING  AT  CONE  2-4. 

BY 

EnwAKi)  <)UT<»x.  Jr.,  Coliimlnis,  Ohio. 

The  following  study  was  begun  iu  connection  witli 
class  work  in  the  Ohio  State  University,  but  has  been 
continued  as  occasion  has  permitted  for  the  past  year  or 
so.  The  intention  in  the  beginning  was  primarily  to  work 
out  a  satisfactory  formula  for  a  matt  glaze  to  mature  at 
the  temi)erature  range  indicated  in  the  title,  and  inoident- 
allv  to  show  the  relatirm  which  such  a  glaze  would  bear  to 
ecjuivalent  bright  glazes.  As  the  work  progressed,  how- 
ever, it  has  led  into  a  study  of  the  causes  of  the  matte 
(|uality  of  the  glaze,  and  something  of  the  limits  of  compo- 
sition which  glazes  of  this  type  may  have  without  losing 
their  commercially  desirable  quality. 

The  reasons  for  choosing  this  particular  temperature 
range  are  1st,  that  the  heat  is  high  enough  to  permit  the 
formation  of  matte  glazes  of  durable  and  pernmnent  char- 
acter. There  are  some  matte  glazes  of  attractive  appear- 
ance on  the  nmrket  which  are  so  very  basic  in  character, 
and  composed  of  compounds  so  slightly  combined  by  heat, 
that  they  are  attacked  by  damp  air  and  efflorescence,  and 
ben-ome  coated  with  siiline  incrustations.  Such  glazes  are 
a  reproach  to  their  maker  and  to  ceramic  chemists  in  gen- 
eral. Thev  are  totallv  lacking  in  dignity  as  a  ceramic 
achievement,  and  should  be  eschewed  by  all  conscientious 
workers  in  this  field.  There  are  other  low  temperature 
matte  glazes  of  reasonable  permanence  and  undeniable 
beauty,  which  are  matte  bv  virtue  of  their  strcmg  tendency 
to  crystallize,  either  in  visible  or  microscopic*  crystals. 
These  are  much  less  comnum  and  are  usually  still  easily 
destructible  glazes,  tliough  not  decomposed  by  atmospheric 
action. 
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2nd.  The  heat  range  is  not  so  high  as  to  make  the 
use  of  ordinary  colorants  difficult,  or  to  make  the  glaze 
hard  to  keep  in  its  place  or  in  its  matte  character. 

3rd.  There  is  a  genuine  need  of  matte  glazes  in  a 
number  of  industries  at  the  heat  range  of  Cone  2-4.  They 
should  be  cheap,  and  therefore  lacking  in  lead,  or  boric 
acid.  They  should  be  resistant  to  weather,  or  to  ordinary 
cleansing  media,  and  impervious  to  water.  The  makers  of 
terra  cotta,  roofing  tile,  enameled  brick,  heavy  sanitary 
goods  such  as  bath  tubs,  sinks,  etc.,  and  makers  of  art 
pottery,  tiles,  architectural  faience  and  others  all  need 
such  a  glaze  for  portions  of  their  ware. 

Having  at  that  time  no  specific  formula  of  satisfactory 
character  as  an  objective,  and  no  previous  experience  in 
the  production  of  such  a  glaze,  it  was  decided  to  start  oflf 
with  a  bright  glaze  of  known  character,  and  by  systematic 
alterations  carry  it  into  the  field  of  matteness.  When 
finally  reached  such  a  result  would  have  the  additional 
merit  of  having  in  a  measure  explained  its  own  rainon 
d'etre. 

The  type  glaze  from  which  the  experiments  began  was 


0.4  PbO 
0.2  K»0 
0.2  CaO 
0.2  ZnO 


-0.35  ALOs    2.56  SiO- 


which  matures  as  a  bright  handsome  glaze  at  from  Cone  2 
to  (^one  6,  and  which  lias  been  used  on  enameled  bricks 
with  good  results. 

fieries  /. 

The  first  expedient  tried  was  the  gradual  reduction  of 
free  silica. 

The  following  glazes  were  made,  using  the  RO  ele- 
ments constant  as  in  No.  1. 
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No. 
of  the 
Glaze 

RO   Elements 

AljOa 

SiOs 

0.    R. 

Clay 

I 

0.40  PbO 
0.20  KaO 
0.20  CaO 
o.io  ZnO 

0.35 

1 

2.560 

1 :2.5oo 

.15 

2 

0.35 

2.306 

1 12.250 

.15 

3 

0.35 

2.050 

I :2.ooo 

.15 

4 

0.35 

1.793 

1:1.750 

•15 

5 

0.35 

1.647 

1 .1.627 

.15 

6 

0.35 

1.500 

1 11.460 

.15 

_  _  _   ._ 

No.  6  represents  the  lowest  silica  that  can  be  gotten, 
while  still  using  the  original  amounts  of  feldspar  and  clav. 
By  cutting  these  also,  the  following  additions  to  the  series 
w^ere  made: 


No. 
of  the 
Glaze 


8 
9 


RO   Elements 


0.40  PbO 
0.20  KsO 
0.20  CaO 
0.20  ZnO 

« 


AlxC, 


0.30 


0.25 
0.20 


SIO2 


1.400 


1.300 
1.200 


O.    R. 


1:1.47 


1  :i.48 


1:1.50 


Clay 


o.io 


0.05 


0.00 


Greater  reductions  in  silica  could  not  be  made  while 
retaining  the  same  original  RO  elements.  By  changing 
the  latter  to  a  small  extent,  the  following  errtension  to  the 
series  was  produced : 
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No. 
of  the 
Glaze 

RO    Elements 

AljOu 

SiOs 

R.    C. 

Clay 

10 

0.416  PliO 
0.150  K2O 
0.216  CaO 
0.216  ZnO     , 

fc 

0.15 

1. 10 

I  :i.5i 

0.0 

Jl 

(< 

0.15 

1. 00 

I  :i.38 

0.0 

12 

« 

0.15 

0.90 

I  :i.24 

0.0 

13 

0.433  PbO     1 

O.IOO   K3O 

0.234  CaO 
0.233  ZnO    . 

> 

O.IO 

0.80 

I  :i.23 

0.0 

14 

a 

O.IO 

0.70 

I  :i.07 

0.0 

15 

It 

O.IO 

0.60 

I  :o.92^ 

0.0 

These  glazes  were  all  coinpoiinded  in  small  quantities, 
ground  and  applied  to  white  wall  tile  3x1  V-2  inches,  and 
fired  to  (^one  4,  in  a  test  kiln  re(|uiring  about  14  hours  for 
a  run  up  to  this  temperature. 

These  glazes,  beginning  with  No.  1,  form  glassy,  bril- 
liant surfaces,  but  are  verv  thick  and  viscous.  Thev  will 
not  hold  and  cover  the  surface  completely.  Also,  they  do 
not  dissolve  their  solids  completely.  At  No.  4,  a  different 
action  can  be  discerned.  Its  surface  is  not  so  glassy  as 
No.  5,  as  there  are  matte  patches  in  a  semi-gla«sy  matrix; 
No.  (>  has  large  matte  areas  with  glassy  patches;  No.  7  is 
glassy  but  not  good;  No.  8  turning  matte;  No.  9  glassy, 
attacking  the  body;  No.  10  a  beautiful  bright  glaze;  No.  11 
the  same;  No.  12  the  same;  No.  13  attacks  the  body  very 
badly,  and  is  still  bright;  No.  14  is  turning  matte,  but  is 
not  good;  No.  15  shows  some  matte  patches  and  some 
bright  ones. 

The  series  as  a  whole,  shows  that  with  the  original 
KO  combinati(m,  the  mere  reduction  of  silica  will  not  pro- 
duce a  commercial  matte,  though  in  No.  6  and  again  in 
No.  15,  the  tendency  towards  matteness  is  clearly  shown. 
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These  jjlazt*?*  lie  fairly  smooth  on  the  siirfa».*e  of  the  tiles, 
with  thi^  exception  of  earlier  numbers,  which  are  high  in 
acid.    These  draw  up  into  beads. 


fierics  11. 

The  next  line  of  attack  was  tlirough  the  increase  of 
cl{£\';  next  to  reduction  in  silica,  this  has  bet^n  more  gener- 
ally used  as  a  means  of  producing  commercial  mattes  than 
any  other  plan. 

In  order  to  determine  whether  the  addition  of  raw 
clay  could  be  made  to  produce  a  matte  by  mere  overloading 
in  a  glaze  of  this  type,  and  also  whether  the  use  of  calcined 
clay,  or  calcined  aluminum  oxide,  could  be  employed  to 
introduce  alumina,  without  introducing  the  shrinkage 
diffifficulties,  which  acccmipany  the  introduction  of  large 
amounts  of  raw  clay,  the  following  series  was  devised: 


No. 
of  th« 
Glaze 


RO    Elements 


O 

•4 


o 


PC 

o 


.8  ^ 


Accessory  ingredient 


9 

0.4  PbO 
0.2  KiO 
0.2  CaO 
0.2  ZnO 

N. 

1 
1 

0.20 

1 

1 

1.20 

I  :i.50 

0.00 

use  gum   for  adhes 

8 

1          '           1              1 
io.25    1 .30    I  -.1.48 

1 

0.05 

use  a  little  gum 

7 

0.30    1.40 

1:1.47 

0.10 

no  gum 

6 

" 

0.35  1  1.50 

1:1.46 

0.15 

no  gum 

i6 

" 

0.40     1.60 

1 

1:1.45 

0.20 

no  gum 

1/ 

1 

0.45 

1.70 

I  :i  .44 

0.25 

no  gr.m 

i8 

<< 

I 

0.50 

1.80 

1:1.44 

0.30 

no  gum 

19 

If 

1 

0.40 

1.60 

1:1.45 

0.10 

.10  Cal.  Clay 

20 

1 

0.45 

1.70 

1 

1:1.44 

0.10 

.15  Cal.  Clay 

21 

1            li 

1 

1               1 

0.50  1  1.80    I :i.44 

1           I 

0.10 

1 

1    .20  Cal.  Clay 

22 

1 

r                 ti 

1 

0.40 

1              1 

1.60  1  1 :1.4s    0.10 

1 

.10  Oxide  Alunii:ia 

23 

i< 

1           I               i     ■ 

0.45    1.60    I  :i.34  *  o.io 

1           '               1 

.15  Oxide  Alumina 

24 

<( 

^.  fO 

1 

■  T  .^0 

I  :i.2c 

1 

1  0.10 

i    .20  Oxide   Alumina 

552  A   STUDY  OF   A   TYPE  OF   MATTE  GLAZE   MATURING  AT  CONE  2-4. 

This  series,  as  the  preceding,  was  applied  to  perfor- 
ated white  dry-press  biscuit  tile,  aud  was  fired  to  between 
Cone  4  and  5.  A  study  of  the  results  showii  that  with  one 
exception,  matteness  increases  with  increase  of  clay,  from 
glaze  No.  9  to  No.  18.  None  of  the  matts  jn'oduced,  how- 
ever, are  desirable  in  appearance,  and  No.  18  is  full  of 
large  blisters  and  bubbles. 

Glazes  19,  20  and  21  are  bright,  where  raw  clay  in 
equal  amount  produced  dull  ones.  Glazes  22,  23  and  24 
give  matts  of  distinctly  promising  texture,  but  none  of 
them  were  smooth  enough  for  use.    No.  21  was  the  best. 

Alumina,  added  in  the  form  of  the  oxide,  seems  to  ex- 
ercise a  distinctly  favorable  effect  as  a  producer  of  matte 
texture,  but  it  is  costly.  Clay  alone  does  not  give  any  good 
matts  with  this  RO  base  combination. 

ScHes  III. 

In  order  to  demonstrate  the  effect  of  the  reduction  of 
lead,  with  a  simultaneous  increase  of  the  other  fluxing 
elements,  the  following  series  was  made : 

This  series  was  applied  to  perforated  dry-press  white 
tiles  and  fired  to  Cone  4-6  in  a  gas  muffle  kiln  in  about  16 
hours.  It  begins  with  bright  handsome  glazes.  A  consid- 
erable amount  of  silica  over  and  above  wh«t  was  de.sired, 
is  necessarily  present  at  the  beginning  of  the  series,  be- 
cause of  the  higher  feldspar,  brought  in  at  the  lower  end 
of  the  series.  The  glazes  become  harder  and  harder,  and 
fail  to  cover  the  surface,  until  the  last  few  are  mere  glo- 
buls  of  clear  glass  (ui  the  surface  of  the  tile.  The  glass 
contains  suspended  matter.  I  do  not  think  that  these 
globules  would  flatten  out  and  cover  the  tile  well,  even  if 
given  higher  temperatures. 

It  is  evident  that  the  dropping  out  of  lead  and  increase 
of  the  other  fluxes  by  symmetrical  additions  will  not  bring 
about  the  matte  texture,  at  least  with  this  silica  and  alum- 
ina content,  since  the  whole  series  remains  glassy,  varying 
only  in  infusibility.    Whether  it  might  do  so  at  lower  silica 
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or  higher  alumina  ranges  has  not  been  developed  in  this 
work. 


No. 
of  the 
Gla7C 

RO   Elements 

AljOa 

Si02 

25 

1 

0.40  PbO       ' 
0.20  CaO 
0.20  KiO 
0.20  ZnO 

1 

.    ;       0.35 

2.03 

2iS 

1 

• 

0.350  PbO 
0.216  CaO 
0.216  KaO 
0.216  ZnO     , 

^ 

0.35 

2.03 

27 

1 
1 

1 

0.300  PbO 
0.233  KsO 
0.233  CaO 
0.233  ZnO     . 

>- 

0.35 

2.03 

28 

1 

0.25  PbO      ' 
0.25  K,0 
0.25  CaO 
0.25  ZnO 

K 

0.35 

2.03 

0.200  PbO    ^ 
0.266  KjO 
0.266  CaO 
0.266  ZnO    J 

fc 

0.35 

2.03 

* 

30 

O.I.SO  PbO    1 
0.283  K2O      L 
0.283  CaO      1 
0.283  ZnO     J 

0.35 

2.03 

31 

o.io  PbO      ^ 
0.30  K2O 
0.30  CaO 
0.30  ZnO 

* 

0.35 

2.03 

32 

0.050  PbO 
0.316  K,0 
0.316  CaO 
0.316  ZnO     . 

*■ 

0.35 

2.03 

33 

0.000  PbO 
0.333  K,0 
0.333  CaO 
0.333  ZnO     J 

W 

0.35 

2.03 

/ 
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tieries  IV. 

The  next  s<*ries  was  designed  to  determine  the  effect 
of  barium  in  plaee  of  lead,  as  a  raw  ingredient  in  the  KG. 
]ts  tendency  to  cause  briglit  raw  lead  glazes  to  become 
scummy  at  ordinary  temperatures  is  well  known,  and  it 
seemed  that  if  usihI  raw  in  large  amounts  it  might  prove 
a  v(Ty  useful  substan<-e.  The  series  was  frame<l  as  shown 
on  the  opposite  page. 

This  series  was  given  the  same  ccmditions  as  to  bmly, 
application,  and  heat  treatment.  The  first  glaze.  No.  6,  is 
a  semi-nmtte,  but  glaze  No.  34  clears  up  except  for  a  few 
specks  of  undissolved  nmtter;  in  No.  35  undissolved  matter 
increases;  in  No.  36,  round  globules  of  opaque  white  glass, 
surrounded  by  clear  glaze  appear;  in  No.  37  the  same,  with 
very  narrow  nmrgins  of  clear  glaze;  in  No.  38,  the  same; 
in  No.  39  discs  of  opa<iue  white  glaze  with  no  <-lear  glaze 
surrounding  them ;  in  No.  40,  a  glossy  white  opa<iue  sur- 
face; in  No.  41  the  same.  No  dull  finish  at  all  occurs  in 
the  series. 

These  results  were  a  disappointment.  The  large  quan- 
tities of  barium  oxide  did  not  produce  any  tendency  to 
mattness.  They  rather  tended  to  produce  a  glassy  porce- 
lainic  structure. 

The  four  series  of  variations  thus  far  execute<l  have 
denumstrateil  several  things:  1st,  that  mere  reducti(m  of 
silica,  even  to  excessively  low  figure's,  does  not  necessarily 
in  itself  produce  mattness;  2nd,  that  high  alumina  does 
tend  to  produce  it,  but  of  an  ugly  and  difficultly  controlled 
type;  3rd,  if  the  IK)  elements  were  properly  distributed  in 
the  beginning,  that  the  withdrawal  of  one  and  replacement 
by  another,  or  the  withdrawal  of  the  most  active,  and  its 
rei)lacement  by  eciual  i)ro[M)rtions  of  all  of  the  others  does 
not  produce  nmttness.  The  occasional  imperfect  matt 

glazes  thus  far  produced  came  clu(*fly  from  reduction  of 
silica  and  simultaneous  increase  of  alunnna,  but  the  sur- 
face and  texture  of  these  was  disagreeable.  The  next  logi- 
cal step  in  this  study  seemed  to  be  the  use  of  unsymmtrical 
or  overloaded  RO  flux  combinations,  i.  e.,  the  production 
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No. 
of  the 
Glaze 


34 


35 


36 


37 


38 


39 


40 


41 


RO   Elements 


0.4  PbO 
0.2  KjO 
0.2  CaO 
0.2  ZnO 

0.35  PbO 
0.05  BaO 
0.20  KaO 
0.20  CaO 
0.20  ZnO 

0.30  PbO 
o.io  BaO 
0.20  K2O 
0.20  CaO 
0.20  ZnO 

0.25  PbO 
0.15  BaO 
0.20  K2O 
0.20  CaO 
0.20  ZnO 

0.20  PbO 
0.20  BaO 
0.20  KsO 
0.20  CaO 
0.20  ZnO 

0.15  PbO 
0.25  BaO 
0.20  KrO 
0.20  CaO 
0.20  ZnO 

0.10  PbO 
0.30  BaO 
0.20  K-O 
0.20  CaO 
0.20  ZnO 

0.05  PbO 
0.35  BaO 
0.20  KzO 
0.20  CaO 
0.20  ZnO 

0.0  PbO 
0.4  BaO 
0.2  K,0 
0.2  CaO 
0.2  ZnO 


y 


>■ 


>    I 


AbOs 


Si02 


0.35 


0.35 


0.35 


0.35 


0.35 


0.35 


0.35 


0.35 


0.35 


1.50 


1.50 


1.50 


1.50 


1.50 


i.!;o 


1.50 


1.50 


1.50 


5D6 
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of  glazes  iu  which  fluidity  should  not  be  saerifiecd  by  use 
of  high  alumina^  but  in  which  the  inherent  glassiness  of 
the  combination  should  be  kept  low  by  the  production  of 
slag-like  silicates,  high  in  lime  and  alumina  and  low  in 
lead  or  tlie  alkalies.  This  idea  requires  the  deliberate 
abandonment  of  all  of  the  rules  of  glaze  componding  to 
which  a  study  of  bright  glazes  leads  one. 

t^eries  V. 

The  first  experiment  in  this  line  was  to  try  the  effect 
of  high  lime  vs.  high  zinc  oxide  in  a  glaze  of  the  same 
general  type  as  those  used  in  Series  IV,  except  that  a  lower 
alumina  and  lower  silica  were  used. 


No.  of 

RO  CJonstitnents 

Glaze 

AI2O8 

Si02 

1 

PbO 

0.40 

K2O            CaO 

ZnO 

42 

0.15 

•  •  •  • 

1 
0.45      1 

0.20 

1.20 

43 

0.40 

0.15 

0.05 

0.40 

0.20 

1.20 

44 

0.40 

0.15 

O.IO 

0.35 

0.20 

1.20 

45       1 

1      0.^0 

0.15 

0.15 

0.30 

0.20 

1.20 

46 

0.40 

0.15      1      0.20 

0.25 

0.20 

1.20 

47 

0.40 

0.15            0.25 

0.20 

0.20 

1.20 

48 

0.40 

0.15 

0.30 

0.15 

0.20 

1.20 

49 

0.40 

0.15 

0.35 

O.IO 

0.20 

1.20 

50 

0.40 

0.15 

0.40 

0.05 

0.20 

1.20 

51 

0.40 

0.15 

0.45 

•  «  •  • 

0.20 

1.20 

This  series  was  given  the  same  heat  treatment,  prep- 
aration and  body  as  before.  The  burning  was  done  in  a 
different  firing  operation  from  the  four  pre(*eding  series, 
but  the  conditions  varied  very  little. 

The  following  observations  were  made  on  the  fired 
tiles: 

The  high  zinc  end  (No.  42)  glave  clear  glassy  glazes, 
which  showed  their  supersaturation  by  forming  small 
stellate  ziiu*  crystals.  These  crystals  persisted  through 
the  upper  part  of  the  series  to  glazes  45  or  46.  The  middle 
of  the  group  is  a  clear  and  brilliant  glass,  as  was  expected, 
but  this  persists  clear  to  the  high  lime  end  (51),  which  is 
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still  clear  and  glassy,  except  for  a  transparent  scum  of 
very  thin,  fine  bubbles  floating  on  the  surface  of  the  glass. 
AVhere  this  scum  breaks,  as  it  does  occasionally,  it  shows  a 
beautiful  clear  transparent  glass  beneath. 

The  conclusion  to  which  this  sei:ies  leads  is  that  where 
as  much  as  0.4  equivalent  lead  oxide  is  employed  and  a 
temperature  as  high  as  Cone  4  to  6.  that  bright  glazes  will 
still  result  wliere  the  KO  is  heavilv  overloaded  with  either 
lime  or  zinc  oxide.  Obviously,  the  glass  making  capacity 
of  the  mixture  is  still  too  high,  and  it  must  be  lowered  by 
either  reduction  of  lead  or  alkalies,  or  the  increase  of  the 
aluminum.    The  latter  alternative  was  first  tried. 


• 

RO 

Series 

YI. 

-^— _-r--_— : 

' 

1 

Ck>n8tituents 

No.  of 

AljOs 
0.15 

SiOj 
1.60 

Clny 
0.00 

•9  £ 

Gl    ZfiB 

PbO 

0.40 

K2O 

0.15 

CaO    ' 

0.45 

6< 

53 

0.00 

54 

0.40 

0.15 

0.45 

0.20 

1.60 

0.05 

0.00 

55 

0.40 

0.15 

0.45 

0.25 

1.60 

O.IO 

0.00 

56 

0.40 

0.15 

0.45 

0.30 

1.60 

0.15 

0.00 

57 

0.40 

0.15 

0.45 

0.35 

1.60 

0.15 

0.05 

58 

0.40 

0.15 

0.45 

0.40 

1.60 

0.15 

O.IO 

55A 

0.40 

0.15 

0.45 

0.25    . 

1.60 

0.05 

0.05 

56A 

0.40 

0.15 

0.45 

0.30 

1.60 

0.05 

O.IO 

57A 

0.40 

0.15 

0.45 

0.35 

1.60 

0.05 

0.15 

58A 

0.40 

0.15 

0.45 

0.40 

1.60 

0.05 

0.20 

These  glazes  were  fired  in  the  second  kiln,  at  Cone  4-6, 
as  the  preceding  have  been.    The  results  show  as  follows: 

No.  53.  A  clear,  bright,  transparent  glaze  with  a 
thin  opaque  scum  hiding  its  surface.    Very  ugly. 

No.  54.     Less  scum,  some  bright  patches. 

No.  55.  Bright  clear  glaze  containing  a  little  undis- 
solved matter. 

No.  56.  Bright  clear  glaze  with  some  undissolved 
matter. 

No.  57.     Glazes  becoming  matte,  in  patches. 

No.  58.  A  very  pretty  matte,  in  patches ;  flows  fairly 
well,  but  pin  holes  badly  when  too  thick.  It  shows  a  nice 
texture  in  many  places. 
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No.  55A.     Brijjht,  beautiful  glaze. 

No.  56A.     (Contains  a  little  undissolved  matter. 

No.  57A.  VeriDfinjr  on  niattness,  biU  is  still  a  little 
too  glossy. 

No.  58A.     A  nice*  matte,  about  like  No.  58. 

This  series  shows  that  a  moderately  high  alumina 
C(mtent  is  an  actual  help  to  the  glassy  structure,  where  the 
RO  is  heavily  over-loaded  with  lime.  The  middle  of  this 
series  nmkes  rather  nice  clear  glazes — much  better  than 
the  low  alumina  end,  which  is  scummy.  On  the  other 
hand,  over-loading  with  AloOg,  especialh^  the  calcined 
variety,  seems  to  lead  toward  matteness. 

This  series  and  No.  V  would  have  l)een  more  instruc- 
tive if  the  silica  and  alumina  content  had  not  l>een  varied, 
but  the  two  were  not  made  and  fired  in  secjuence,  but  to- 
gether, and  the  information  derived  from  the  study  of 
Series  V  was  not  available  when  Series  VI,  VII  and  VIII 
were  planned. 

i^rries  TIL 

This  series  was  designed  to  show  the  effect  of  replac- 
ing lead  by  barium,  in  an  RO  which  is  over-loaded  or  un- 
symmetrical  in  other  respects.  This  is  a  companion  series 
to  IV,  in  which  the  same  substitution  is  tried  in  an  RO 
properly  proportioned  for  bright  glazes.  The  composition 
of  glazes  used  was  as  follows : 


No.  of 

RO  Constitnents 

AljOs 

Glhzes 

Pl»0 

ChO            KsO 

CaO 

SiOt 

63 

0.40 

0.00 

0.15 

0.45 

0.20 

1.60 

64 

0.35 

0.05 

0.15 

0.45 

0.20 

1.60 

65 

0.30 

O.IO 

0.15 

0.45 

0.20 

1.60 

66 

0.25 

0.15 

0.15 

0.45 

0.20 

1.60 

67 

0.20 

0.20 

0.15 

0.45 

0.20 

1.60 

68 

0.15    . 

0.25         0.15 

0.45 

0.20 

1.60 

eg 

O.IO 

0.30 

0.15 

0.45 

0.20 

1.60 

70 

0.05 

0.35 

0.15 

0.45 

0.20 

1.60 

71 

0.00 

0.40 

0.15 

0.45 

0.20 

1.60 
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Tliis  series  wa«  fired  as  in  the  otlier  cases  to  Cone  4-6, 
on  same  body  and  heat  treatment.  It  be{j:ins  with  scummy 
glazes,  showing  brij^^ht  and  transparent  throu«;h  o(*casional 
rifts  in  the  scum,  and  runs  speedily  into  opaque  matte 
effects  ((>5-0()l.  The  series  is  not  fused  enough  to  work 
well,  being  porcelainic  in  many  places,  and  unable  to  mead 
defects  in  the  glaze  coat  by  flowage  after  they  once  form. 
Nos.  (i8  and  69,  ccmtaining  0.1  and  0.15  lead  oxide  and  0.25 
barium  and  0.30  barium  oxide,  respectively,  are  the  most 
promising.  They  have  a  pretty  nmtte  texture,  and  their 
onlv  defect  is  their  failure  to  lie  smooth  and  to  cover  the 
surface  nicely  and  unifoi^mly.  This  is  a  physical  defect 
which  can  d(mbtless  be  overcome  by  varying  the  mode  of 
application. 

The  three  last  series,  which  were  framed  all  at  the 
same  time  and  after  the  results  of  the  first  four  series  were 
known,  seem  to  have  disclosed  some  significant  clues,  and 
to  have  produced  a  few  promising  glaze^;.  The  conclusions 
which  we  mav  deduce  are: 

1.  No  high  lead  glaze  (0.4  eq.  or  near  it)  gave  good 
matts,  except  those  which  were  made  opacjue  by  calcined 
alumina. 

2.  Over-loading  with  zinc  oxide  iu  the  presence  of 
high  lead  (9.4  (^v. )  producers  clear  glazes  with  zin(*  crys- 
tals instead  of  nmtts. 

3.  Overloading  with  limejn  the  pr(*sence  of  high  lead 
(0.4  eqv. )  produces  clear  transparent  glazes,  obscured  by 
thin  layers  of  scum,  or  transparent  layers  of  bubbles,  but 
no  matts. 

4.  High  alumina,  (0.35 — 0.40  eqv.),  either  derived 
from  a  good  deal  of  clay  and  a  little  calcined  alumina,  or 
from  a  little  clay  and  a  good  deal  of  calcined  alumina, 
readily  gives  a  matt  glaze,  even  where  the  lead  is  too  high 
to  get  a  matte  otherwise.  This  observation  checks  the 
previous  experiences  with  Series  II. 

5.  Replacement  of  lead  oxide  by  barium  oxide  gives 
a  much  better  effect  than  in  Series  IV,  where  the  glass 
forming  ingredients  were  in  good  balance.    Here,  with  less 


560  A   STUDY  OF   A   TYPE  OF   MATTE  GLAZE    MATURING  AT  CONE  2-4. 

alkali  and  high  lime,  the  gradually  diminishing  lead  oxide 
does  not  find  a  proper  substitute  in  barium  oxide,  and  a 
slag  is  formed,  fairly  fluid  but  opaque  and  matte  in  char- 
acter. It  seems  significant  that  the  best  matte  texture  is 
reached  where  a  small  amount  of  (0.10  eqv.)  lead  is  pres- 
ent. It  probably  acts  as  a  starter  for  fusion,  and  helps  to 
get  other  fluxes  into  action. 

The  preceding  ideas,  embodied  in  one  glaze,  seemed  to 
indicate  the  following  as  about  the  best  basis  for  further 
study : 

No.  72  0.05  PbO  I 

0.05  ZnO  I 

0.15  K2O  >     0.20  AlsOa     1.60  SiOa 

0.40  CaO  I 

0.35  BaO  ' 

in  which  0.15  eijuivalents  of  alumina  comes  from  spar  and 
0.05  from  raw  clay.    This  was  made  up,  and  also 

No.  80  o.io  PbO    \ 

o.io  ZnO  I 

0.15  KjO  >    0.25  AUOi    1.60  SiOi. 

0.35  CaO  I 

0.30  BaO  / 

and  a  number  of  others,  in  which  the  general  type  of  the 
RO  remained  about  as  above,  while  variations  were  con- 
fined to  silica,  alumina  and  coloring  oxides. 

At  the  end  of  a  very  considerable  amount  of  work,  in 
which  one  serial  glaze  numbers  ran  up  to  157,  we  felt  that 
we  had  reduced  the  case  to  the  following : 

1st.  That  for  the  heat  range  which  we  desired  to  use, 
the  proportions  of  the  ingredients  had  been  established  by 
the  method  of  gradual  exclusion  to  a  range  of  formula 
about  as  follows: 

0.05  to  O.IO  PbO  \ 

0.00  to  O.IO  ZnO  I 

0.45  to  0.35  CaO  >     Q.20  to  0.35  AlsOs        1.20  to  1.80  SiO« 

0.40  to  0.30  BaO  I 

0.15  K,0  f 

However,  in  spite  of  this  broad  range  of  composition, 
and  the  numerous  experiments  made,  we  could  not  say 
that  a  single  entirely  acceptable  matt  glaze  had  been  pro- 
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duced.  There  were  nearly  a  dozen  or  two  at  least  which 
had  a  nice  matt  texture,  but  never  a  one  in  which  a  de- 
cently smooth  or  uniform  coat  was  obtained.  The  per- 
sistence of  these  formulae  in  producing  matte  textures,  the 
distinct  tendency  away  from  mattness  whenever  these 
rotios  were  seriously  altered,  and  the  beauty  of  occasional 
small  patches  of  one  or  other  of  the  glazes,  all  united  to 
convince  us  that  the  trouble  lay-  in  application  or  treat- 
ment, rather  than  in  composition. 

Series  VIIL 

Experiments  were  noAV  begun  on  modes  of  application. 
Hitherto  all  glazes  had  been  ground  in  ordinary  hydrant 
water.  In  drying,  these  glazes  nearly  always  cracked  or 
crazed  into  small  irregular  polygonal  blocks  or  sections. 
On  firing  these  cracks  would  widen,  the  edges  of  the  glaze 
once  parted  rolled  back,  gathered  up  into  more  or  less 
spherical  beads  as  fusion  progressed,  finallj^  flattening  out 
and  flowing  more  or  less,  but  seldom  if  ever  covering  the 
original  surface  smoothly. 

The  various  expedients  used  for  obtaining  smooth 
coats  of  glazes  and  engobes  were  reviewed :  1st,  spraying 
on,  instead  of  dipping ;  2nd,  use  of  gum,  gelatine,  glue,  or 
some  similar  adhesive  to  keep  the  glaze  cohering  in  a  film, 
until  such  time  as  the  heat  began  to  fuse  it;  3rd,  use  of 
crystalline  salts,  such  as  carbonate  of  soda,  borax,  plaster, 
water,  etc.,  to  bind  body  atid  glaze  together  by  a  net  work 
of  fine  crystals  and  thus  prevent  parting  or  cracking;  4th, 
the  use  of  a  thin  coat  of  glaze,  higher  in  lead,  on  the  body 
as  a  foundation,  on  which  the  matte  glaze  might  be  ex- 
pected to  flow  more  easily  and  thus  cover  over  cracks  and 
defects  due  to  application  or  drying.  No  help  was  gotten 
from  this  effort.  The  use  of  gum  or  some  other  adhesive 
colloid  was  thought  the  best  line  to  try,  and  incidentally  to 
work  in  tests  on  the  merits  of  spraying  vs.  dipping  and  the 
effect  of  dipping  in  various  way,  such  as  numerous  thin 
coats,  a  single  or  a  few  heavy  coats,  etc. 

A.  C.  S.— 21 
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Tlie  colloid  of  whose  use  we  had  most  frequent  ex- 
ample in  the  factories  was  gum  tragacanth.  The  following 
data  were  developed  in  standardizing  its  use  in  our  glazes. 

Solution  of  the  Gum.  The  gum  comes  in  opaque  whito 
or  translucent  flakes  which  soften  in  water  and  gradually 
dissolve.  Heating  the  water  and  boiling  hastens  the  solu- 
tion but  does  not  seem  to  alter  the  amount  which  can  be 
taken  up.  After  experimenting  on  various  plans,  we 
finally  settled  on  the  plan  of  soaking  the  gum  in  cold  water 
over  night  and  boiling  the  next  day,  and  finally  pouring 
through  an  80  mesh  sieve  to  hold  back  any  undissolved 
lumps.  The  solution  thus  obtained  looks  like  thin  starch 
— having  a  sort  of  pearly  translucent  appearance  if  con- 
centrated, or  like  clear  water  if  dilute. 

Quatftiif/  of  Gum.  The  amount  of  gum  to  be  used  in 
making  a  proper  solution  to  give  good  results  is  exceed- 
ingly small.  Experiments  began  at  50  grams  gum  per 
quart  water,  and  this  would  not  anywhere  near  dissolve. 
By  adding  gradually  up  to  five  quarts  of  water  solution 
was  reached.  This  gives  10  grams  to  the  quart  as  the 
nuiximum  that  can  be  dissolved.  It  produces  a  thick  mushy 
material  entirely  too  thick  for  glaze  purposes. 

From  this  point,  successive  dilutions  were  tried,  down 
to  one  gram  to  the  quart.  The  latter  is  too  dulute.  Its 
presence  in  the  water  can  scarcely  be  noticed,  and  the  glaze 
remains  dustv  on  the  bodv  and  can  be  rubbed  off  easilv, 
showing  insufficient  cohesion. 

The  final  decision  was  to  use  3  grams  gum  per  (juart 
of  water.  Two  will  do  the  work  fairly  and  four  is  higher 
than  need  be. 

Mode  of  Incorporation.  Experiments  were  made  (a) 
by  grinding  glazes  in  pure  water,  and  adding  concentrated 
gum  solution  afterwards;  (b)  grinding  glazes  in  water, 
settling  them,  decanting  the  water  as  close  as  possible,  and 
then  pour  in  the  gum  solution,  stir  up  the  glaze  and  put 
through  screen  again;  (c)  putting  dry  glaze  and  dry  gum 
together  in  ball  mill,  adding  required  amount  of  water,  and 
grinding  till  soluti<m  took  place;   (d)    weighing  out  dry 
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glaze  batch,  putting  in  ball  mill  and  grinding  with  gum 
solution  of  three  grams  to  the  quart,  and  using  same  solu- 
tion to  wasli  out  the  mill. 

Of  these  methods  (d)  is  far  the  best.  In  the  other, 
lumps,  curdling,  etc.,  occur,  and  the  thickness  or  density 
of  the  glaze  is  more  diflScult  to  gauge.  By  preparing  and 
keeping  on  hand  the  gum  solution  in  quantity,  and  of  the 
correct  strength,  the  labor  of  getting  a  batch  of  glaze  ready 
for  use — merely  using  the  gum  solution  as  if  it  were  ordi- 
nary water,  from  which  it  is  difficult  to  tell  it. 

Qnantitji  of  Fluid  per  Dry  Wrif/ht  of  Glaze.  In  this 
direction,  experiments  developcxl  that  for  glazes  of  the 
general  nature  of  those  we  were  using  the  following  rule 
worker!  very  well,  viz. :  Use  for  a  unit  weight  of  dry  glaze 
one  and  one-fifth  units  of  standard  gum  solution.  TTse  one 
part  of  this  solution  to  grind  the  glaze  with  in  the  ball 
mill,  and  reserve  the  one-lSfth  to  wash  out  the  mill,  rinse 
off  the  pebbles,  and  cU^n  up  the  residues  on  the  screen. 
For  250  grams  of  glaze,  300  grams  of  gum  solution,  after 
thorough  grinding,  made  a  liquid  of  just  the  proper  den- 
sity to  give  a  good  coat. 

For  other  types  of  glazes,  when  the  molecular  weights 
are  markedly  higher,  this  proportion  might  not  hold ;  also 
some  ingredients  miglit  make  a  markedly  different  kind  of 
slip  in  which  this  proportion  would  no  longer  be  service- 
able.   For  ordinary  cases,  it  will  probably  be  convenient. 

Afoile  of  application  of  Gum  Glazes,  Three  methods 
were  tried,  viz.,  dipping,  spraying  and  buttering.  The 
last  was  tried  with  thick  glaze  and  with  tiles  previously 
partially  saturated  with  water,  so  that  they  would  not 
absorb  the  water  from  the  paste  too  quickly  to  get  ah  even 
spread.  This  method  does  not  work  badly  on  tile,  but  as 
a  practical  method  for  factory  use  is  out  of  the  question. 

As  between  dipping  and  spraying,  the  advantage  is 
with  the  dipping  so  far  as  speed  and  convenience  is  con- 
cerned. Spraying  may  be  used  for  coloring,  blending, 
speckling,  and  similar  purposes,  and  in  this  respect,  it  has 
no  substitute.    No  other  means  can  possibly  duplicate  the 


664  A   STUDY   OF   A    TYPE  OF    MATTE- GLAZE    MATURING   AT   CONE   2-4. 

beauty  and  finish  wtiich  witti  ttie  air  spray  is  easy.  But 
for  straight  glazes,  of  one  color,  it  is  not  necessary  and  is 
much  slower  than  dipping.  On  one-color,  straight  work, 
the  sprayed  glaze  is  no  more  likely  to  develop  a  beautiful 
dappled  surface  texture  than  a  dipped  glaze. 

In  either  spraying  or  dipping,  it  is  important  to  have 
the  ware  hot,  so  that  the  gum  glaze  may  be  dried  out 
rapidly  to  a  hard  surface.  This  expedient  was  found  ex- 
ceedingly useful,  and  for  many  kinds  of  ware  it  is  prac- 
tical. In  some  cases  it  would  be  prohibitively  expensive 
to  heat  up  the  ware  before  dipping  and  dry  each  coat  of 
glaze  before  another  is  applied. 

Thickness  of  Coat.  In  general,  matt  glaze  effects 
depend  for  their  beauty  on  a  flow  or  drainage  of  the  glaze 
from  one  part  of  the  ware  to  another.  This  is  especially 
true  of  art  pottery  and  tiles.  For  this  reason,  matte  glazes 
are  usually  applied  in  thick  coats,  often  %  or  even  i/^ 
inch.  Thin  coats  of  1-100  to  1-16  of  an  inch,  as  are  often 
used  with  bright  glazes,  are  not  often  possible  with  matts. 
To  determine  how  to  create  these  thick  coats,  while  still 
keei)ing  their  absolute  continuity  and  freedom  from  cracks, 
experiments  were  made  with  dipping  a  large  number  of 
times,  using  a  thin  glaze  and  drying  each  coat  until  hard 
and  the  tile  hot,  versus  dipping  with  a  thicker  glaze  and 
getting  the  same  body  of  glaze  in  one  or  two  operations. 

As  many  as  twenty  consecutive  coats  have  been  ap- 
plied to  tiles,  with  a  thin  glaze,  and  a  perfect  layer  ob- 
tained after  all.  The  favorable  influence  of  the  gum  solu- 
tion can  hardly  be  better  shown  than  by  this  fact,  for  a 
water-ground  glaze  would  be  practically  sure  to  crack  dur- 
ing all  these  heating  up  and  cooling  down  treatments. 

Asa  result  of  these  tests  we  found  that  while  admir- 
able results  can  be  gotten  from  sprayins:,  if  sufficient  time 
and  enough  treatments  are  given  to  get  a  good  thick  coat, 
that  with  gum-solution  glazes  of  proper  preparation  glazes 
can  be  applied  in  two  dippings  which  are  thick  enough  to 
develop  the  matt  characteristics  and  beauty  in  high  degree, 
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and  as  this  is  much  quicker  and  cheaper  and^  applicable  to 
most  purposes,  this  method  was  used. 

Firing  Results.  Several  hundred  trial  pieces  were 
fired  in  the  prosecution  of  these  experiments.  The  glazes 
used  were  those  represented  in  the  foregoing  series,  and 
those  which  gave  the  best  matt  effects  were  such  as  would 
fall  inside  the  composition  range  already  given.  In  brief, 
we  found,  after  mastering  the  details  of  preparation  of  the 
gum  solution,  the  proper  incorporation  of  the  glaze  in  it, 
the  fixing  of  the  density  of  the  glaze  and  the  mode  of  ap- 
plication, that  we  were  able  to  repeat  the  same  experi- 
ments given  in  some  of  the  preceding  glaze  series,  and  ob- 
tain from  every  glaze  in  the  series  a  smooth  and  perfect 
layer,  where  before  not  one  perfect  one  could  be  found. 

The  status  of  the  work  now  stood  as  follows:  1st,  we 
had  explored  a  field  of  considerable  area  and  found  limit- 
ing conditions,  inside  of  which  matt  texture  was  produced 
and  outside  of  which  the  glazes  either  had  less  matt  tex- 
ture or  became  otherwise  worthless.  None  of  these  glazes 
gave  perfect  layers.  2nd,  we  had  found  by  the  use  of  gum 
tragacanth,  a  mode  of  production  of  smooth  coherent  glaze 
layers,  and  that  with  tkis  substance  it  was  possible  to  pro- 
duce a  very  large  percentage  of  perfect  results,  with  any 
glaze  tried,  so  far  as  defects  of  the  application  were  con- 
cerned. 3rd,  we  found  that  with  gum  solution,  used  on 
glazes  inside  the  limiting  range  of  composition  before  men- 
tioned, that  all  of  them  gave  good  results. 

The  foregoing  shows  that  progress  had  been  made,  but 
after  all,  the  work  could  only  be  regarded  as  preliminary. 
It  was  merelv  a  reconnaisance — not  a  survev,  of  what  can 
be  done  in  this  immediate  area  of  glaze  composition.  With 
the  technique  of  the  process  now  fairly  well  in  hand,  it  be- 
came necessary  to  decide  on  one  of  two  courses  to  pursue. 

1st.  To  go  thoroughly  over  the  field  of  the  RO  com- 
binations available  and  accuratelv  define  the  area  within 
which  the  glazes  become  characteristically  matt  and  of 
favorable  appearance  for  economic  use. 

2nd.     To  study  first  and  very  thoroughly  the  bearing 
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of  the  silica  ajid  alumina  content  and  the  temperature 
treatment  on  the  matt  j!:laze  production,  using  one  type 
of  RO  constantly,  until  the  functions  of  the  other  elements 
had  been  established. 

Since  the  alumina  and  silica  ratios  and  the  heat  treat- 
ment are  necessarily  involved  in  the  production  of  any 
glaze  we  might  make,  the  sec(md  seemed  the  better  plan, 
and  if  any  time  remained  after  this  point  had  been  ex- 
ploitd,  then  the  RO  problem  could  be  undertaken  with  the 
knowledge  that  our  silica  and  alumina  factors  and  heat 
treatment  were  correct. 

^Series  IX. 

The  RO  selected  for  this  new  work  was  a  sort  of  aver- 
age, or  central  figure,  among  the  various  fairly  successful 
glazes  we  had  made  up  to  this  point.    It  was  as  follows: 

0.15   KaO 

o.io  PbO 
o.io  ZnO 
0.35  CaO 
0.30  BaO 

Of  this,  the  potash  came  from  feldspar,  the  zinc  from 
the  oxide,  and  the  lime,  barium  and  lead  from  the  carbo- 
nates. 

With  this  single  RO  combination,  we  prepared  the 
following  series  of  mixtures,  in  which  the  four  possibh* 
alternatives  are  used,  viz. : 

Low  Alumina  and  low  Silica. 
Low  Alumina  and  high  Silica, 
night  Alumina  and  low  Silica. 
High  Alumina  and  high  Silica. 

The  serial  numbers  of  the  glazes,  and  their  actual 
contents  in  alumina  and  silica  are  given  in  the  following 
table : 
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1  20 

249 

1-30 

250 

1.40 

251 

1.50 

252 

1  60 

253 

1  70 

254 

1.80 

255 

1  90 

256 

2  00 

257 

2  10 

258 

2  20 

259 

2  30 

260 

2  40 

261 

158 

171 

159 

172 

160 

173 

161 

174 

162 

175 

163 

176 

164 

177 

165 

178 

166 

179 

167 

180 

168 

181 

169 

182 

170 

183 

1  20 
1  30 
1  40 
1  SO 
1  60 
170 
1-80 

1  90 

2  00 
2  10 
2  20 
2  30 
2  40 


As  may  be  readily  surmised,  the  left  hand  column, 
beginning  at  glaze  249  and  running  to  261  was  an  after- 
thought, aiid  was  aded  when  partly  through  with  the  work, 
because  we  found  tliat  we  had  not  reached  our  limits  in 
the  direction  of  low  alumina. 

The  four  corner  glazes  of  this  series,  Noa.  158,  170, 
236  and  248  were  prepared  by  weighing  out  and  grinding 
carefully.  Thev  were  then  screened  through  a  150  mesh 
s(Teen,  evaporated  to  dryness  on  the  hot  plate,  ground  and 
screened  again,  to  break  up  clots  and  lumps,  and  then  used 
as  the  material  from  which  the  other  glazes  should  be  pre- 
pared by  blending. 

The  blends  were  calculated  in  decimal  fractions  of 
molecules  in  which  the  glazes  were  to  bo  mixed.  Without 
repeating  in  detail  these  figures,  the  following  table  shows 
the  mode  of  procedure: 
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ALUMINA  CONTENT 

0  2n 


Silica  Content 

Decimal 

proportion  of  tlie  four  base  {lazes  l 

0  be  used. 

Giaze  Number 

to  be  made 

1 

Gla/e  i;8 

Glaze  170 

1 

Glaze  lid 

Glaze  248 

1.20 

171 

0.833 



0.1670 

0.0000 

1.30 

172 

0.763 

0.069 

0.1520 

0.0138 

1.40 

17  0 

0.693 

0.013 

0.1380 

0.0278 

1.50 

174 

0.624 

0.208 

0.1240 

0.0414 

1.60 

'75 

0.554 

0.278 

O.IIOO 

0.0553 

1.70 

176 

0.485 

0.346 

0.0960 

0.0690 

1.80 

177 

0.416 

0.416 

0.0830 

0.0830 

1.90 

178 

0.346 

0.485 

0.0690 

0.0960 

2.00 

179 

0.278 

0.554 

0.0553 

O.IIOO 

2.10 

180 

0.208 

0.624 

0.0414 

0.1240 

2.20 

181 

0.139 

0.693 

0.0278 

0.1380 

2.30 

182 

0.069 

0.763 

0.0138 

0.1520 

2.40 

183 

0.000 

_ 

0.833 

0.0000 

0.1670 

Eai^li  of  these  decimal  fractions  had  to  be  multiplied 
by  the  batch  weight  of  the  glaze  in  weighing  it  out.  This 
again  was  multiplied  by  0.4  to  bring  the  actual  quantity 
of  the  glaze  produced  down  to  a  convenient  quantity  to 
handle.  The  computation  of  glaze  No.  180,  for  instance, 
was  as  follows: 


0.2080  eq.  glaze  No.  158X238.3    (batch    weight) 
0.6240  eq.  glaze  No.  170X310. 3 
0.0414  eq.  glaze  No.  236X274.3 
0.1240  eq.  glaze  No.  248X346.3 


:  49.56X0.4=19.82 
=193. 62X0. 4=77. 44 
:  11.35X0.4=  4.54 
:  42.94X0.4=17.17 


Total     118.97 


Each  glaze,  thus  computed,  was  weighed  out  in  separ- 
ate portions  and  the  sum  of  these  weights  check-weighed, 
to  guard  against  errors.  Each  glaze  was  then  put  into  n 
ball  mill  with  1  1-5  times  it  own  weight  of  gum  solution, 
3  grams  gum  per  quart  of  water,  ground  30  minutes, 
strained  through  150  mesh  and  used  without  any  change. 
Xo  settling,  decantation  or  other  change  was  made  in  the 
glaze  after  coming  from  the  mill.  These  glazes  were  ap- 
plied  to  biscuited  white  ware  tiles  IVL'XS  in(!hes,  which 
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were  heated  up  before  dipping  and  dipped  while  hot.  A 
second  coat  was  applied,  with  an  intermediate  drying  and 
heating.  Duplicates  of  each  glaze  were  made.  The  firing 
was  done  in  small  tile  setters,  lightly  washed  with  glaze 
inside — 8  tiles  per  setter,  and  the  setters  piled  up  in  a 
compact  block. 

The  firing  was  done  in  a  gas-fired  muffle  test  kiln,  the 
heat  reached  being  under  close  control,  and  the  distribu- 
tion of  temperature  being  good.  Four  different  burns  were 
carried  through,  the  finishing  temperatures,  time  of  burn- 
ing and  time  of  cooling  being: 

Burn  No.  1 — Temperature  Cone  2.  Time  11  hours. 
Cooling  12  hours. 

Burn  No.  2 — Temperature  Cone  5.  Time  12  hours. 
Cooling  12  hours. 

Burn  Xo.  3 — Temperature  Cone  7-8.  Time  14  hours. 
Cooling  12  hours. 

Burn  No.  i — Temperature  Cone  11.  Time  17  hours. 
Cooling  12  hours. 

It  is  significant,  that  out  of  the  183  or  208  tiles  in 
each  of  these  burns  that  scarcely  any  imperfect  coatings 
were  obtained.  The  gum  solution,  as  used,  seems  to  com- 
pletely overcome  the  beading  up,  cracks  and  other  defects 
which  made  the  first  work  so  very  unsatisfactory. 

The  liesulls.  The  mass  of  data  is  so  great  that  it  can 
only  be  made  comprehensible  in  chart  form,  or  graphically. 
The  four  following  charts  represent  the  results  as  accur- 
ately- as  they  can  be  nuide  to  do.  Naturally,  much  is  left 
to  interi)retation,  and  no  two  observers  in  studying  the 
tiles  themselves,  would  wholly  agree  as  to  the  classification 
of  some  of  the  tile.  The  present  work,  however,  was  done 
separately  by  myself  and  Mr.  W.  G.  Worcester,  and  the 
charts  represent  the  combined  judgment  in  classification 
of  both  of  us. 
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Deductions  from  this  Data. 

(1)  The  RO  selected  is  a  fairly  favorable  one.  Some 
Jbeautiful  mottled  or  dappled  or  "water  marked"  matt 
glazes  were  produced,  showing  that  this  glaze  is  capable  on 
occasion  of  developing  a  really  artistic  surface  texture  and 
appearance. 

On  the  whole,  though,  the  glazes  averaged  less  attrac- 
tive than  some  of  the  closely  allied  matts,  like  the  Tan 
Briggle  ware  of  Colorado  Springs,  used  for  art  pottery  and 
decorative  terra  cotta. 

On  the  silica-alumina  question,  the  very  interesting 
and  valuable  fact  has  been  elicited,  that  there  can  scarcely 
be  said  to  be  such  a  thing  as  a  most  favorable  ratio  or 
"best''  glaze  in  the  whole  series.  Practically  all  of  the  104 
different  ratios  of  silica  and  alumina  for  this  RO,  then, 
are  to  be  decided  with  reference  to  the  temperature  at 
whi(*h  it  is  desired  to  mature  the  glaze,  rather  than  from 
anv  inherent  tendencv  of  their  own. 

(3)  Mattness  in  this  type  of  glaze  is  clearly  and  de- 
finitely shown  to  be  merely  immaturiti/.  It  is  a  stage 
through  which  every  one  of  the  glazes  must  pass  in  reach- 
ing bright  fusion.  While  this  matt  stage  is  relatively 
broad  in  this  type  of  glaze,  and  in  practice,  ware  of  good 
texture  might  l>e  gotten  with  temperature  fluctuations  of 
four  or  five  cones,  still  it  is  subject  to  just  the  same  trouble 
of  "running  bright"  on  overfiring  as  most  of  the  ordinary 
commercial  matt  glazes. 

The  cause  of  mattness  has  been  variously  interpreted 
bv  different  writers.  Possiblv  all  have  been  correct  in  the 
case  of  the  special  glazes  from  which  they  have  drawn 
their  conclusions.  There  are  unquestionably  some  glazes 
which  are  matt  because  of  an  overwhelming  tendency  to 
crystallize  on  (»ooling,  and  which  flash  from  the  glassy 
state  into  the  stonv  state  with  anv  cooling  treatment  which 
the  body  could  possibly  stand,  without  much  regard  to  the 
temperaure  of  firing.  Such  glazes  are,  in  the  experience  of 
the  writer,  rare  and  usually  are  overloaded  with  stannic 
oxide. 
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Alumina  has  been  several  times  prominently  brought 
forth  as  the  cause  of  mattness.  The  present  work  does  not 
seem  to  strengthen  that  claim.  The  writer  believes  that 
alumina  in  connection  with  manv  other  oxides,  mav  easily 
be  added  in  excess  in  a  glaze,  and  tlmt  it  acts  like  any 
other  insoluble  matter  under  those  circumstances  by  tend- 
ing to  make  the  glaze  opaque  and  matt.  But,  the  writer 
does  not  believe  that  alumina,  per  se,  exercises  any  strong 
or  profound  influence  like  that  of  tin  oxide  towards  mak- 
ing glazes  inherently  matt.  It  acts  merely  by  making  a 
glaze  immature,  and  this  immaturity  expresses  itself  by 
mattness  at  one  stage  and  by  other  surface  textures  at 
other  stages.  Tin  oxide  does  not  dissolve  appreciably  in 
the  glaze  at  any  temperature,  and  hence  a  tin  matt  is  gen- 
erally matt  at  any  stage  of  fusion  where  it  can  be  used  as 
a  glaze.    With  alumina  the  case  is  otherwise. 

(4)  Basicity,  however,  is  shown  to  be  a  favorable  con- 
dition if  not  an  actual  requirement  for  good  commercial 
matt  glazes.  In  any  single  alumina  content,  within  the 
limits  studied,  increase  of  silica  has  led  to  glassiness.  The 
point  in  the  series  at  which  glasisness  will  appear  is  a 
function  of  tlie  temperature,  i.  e.,  the  maturity  of  the  glaze, 
but  the  tendency  of  higher  silica  to  promote  the  glassy  con- 
dition does  not  admit  of  argument. 

The  cause  of  this  now  pretty  generally  admitted  fact 
is  not  vet  clearly  known.  The  fact  that  it  holds  true  in 
slags  as  well  as  in  glasses  shows  that  it  is  a  fundamental 
or  inherent  property  of  silicate  salts.  What  this  matt 
texture  is — whether  it  is  the  same  thing  as  the  stony  or 
crypto-crystalline  structure  in  slags  and  rocks  admits  of 
settlement  by  work  along  petrographic  lines.  Acid  sili- 
cates, whether  they  be  rocks,  or  slags,  or  glasses,  or  glazes, 
s<*em  to  resist  slow  cooling  while  retaining  all  or  large 
parts  of  their  amorjdious  glass-like  nature.  Basic  silicates, 
in  the  case  of  rocks  and  slags  and  presumably  glazes  also, 
seem  to  possess  a  strong  tendency  to  crystallize  in  cooling. 
By  increasing  the  suddenness  of  their  cooling,  the  glassy 
structure  may  still  be  kept  for  a  time,  but  in  general  the 
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more  basic  the  silicate,  the  more  difficult  it  becomes  to  get 
it  or  hold  it  in  the  glassy  state  ou  cooling. 

(5)  The  relation^  between  immaturity  and  basicity 
in  determining  the  physical  states  of  the  glaze  is  very 
interestingly  shown  in  the  charts. 

At  Cone  2,  matt  glazes  are  found  with  higher  silica 
and  lower  alumina  contents.  At  Cone  5,  the  proportion  of 
alumina  required  to  keep  the  glaze  matt  has  increased,  and 
the  amount  of  silica  which  it  will  carry  without  becoming 
glassy  is  distinctly  less.  At  Cone  7-8,  still  more  alumina  is 
needed,  and  still  less  silica  is  tolerated.  At  Cone  11,  only 
glazes  high  in  alumina  and  low  in  silica  will  produce  matts 
with  this  KG.    All  others  become  bright  or  glossy. 

The  center,  then,  of  the  matt  zone,  moves  diagonally 
across  the  chart  beginning  with  high  silica,  low  alnmina, 
low  temperature  glazes,  and  ending  with  low  silica,  high 
alumina,  and  high  temperature  glazes. 

If,  now,  we  examine  the  charts  with  an  effort  to  es- 
tablish some  sort  of  quantitative  ratio  to  express  these 
facts,  and  in  each  column  pick  out  the  central  glaze,  whose 
mattness  is  marked  favorable  or  good,  we  shall  get  data 
like  this: 

Prom  chart  1,  glazes  fired  at  Cone  2,  we  would  select 
as  the  type  glazes,  numbers: 

164  whose  oxygen  ratio  is  2.25 

178  whose  oxygen  ratio  is  2.23 

193  whose  oxygen  ratio  is  2.33 

208  whose  oxygen  ratio  is  2.42 

Average    2.31 

From  chart  2,  glazes  fired  at  Cone  5,  we  would  select 
as  type  glazes,  numbers : 


163  whose  oxygen  ratio  is  2.12 

177  whose  oxygen  ratio  is  2.1 1 

191  whose  oxygen  ratio  is  2. 11 

205  whose  oxygen  ratio  is  2.10 

219  w^hose  oxygen  ratio  is  2.10 

233  whose  oxygen  ratio  is  2.09 

Average    2.10 
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From  chart  3,  glazes  fired  at  (/Oiie  7-8,  we  would  seieit 
as  type  glazes,  numbers : 


187    whose   oxygen    ratio   is  1.66 

201     whose   oxygen    ratio   is  1.68 

215    whose   oxygen   ratio   is  1.86 

230    whose   oxygen    ratio   is  1.90 

245    whose   oxygen   ratio   is  1.90 

Average    1.80 


From  chart  4,  glazes  fired  at  Cone  11,  we  would  select 
as  type  glazes,  numbers : 

198  whose  oxygen  ratio  is  1.37 

212  whose  oxygen  ratio  is  1.40 

226  whose  oxygen  ratio  is  1.43 

239  whose  oxygen  ratio  is  1.36 


Average    i .  39 

Plotting  these  figures  on  co-ordinates  we  have  the 
chart  on  the  next  page. 

This  data  emphasizes  the  facts  already  brought  out 
and  enables  us  to  say  with  confidence,  that  /or  ih\x  K(K 
and  for  others  of  similar  nature  and  belonging  in  this  class, 
the  oxygen  ratios  and  temperature  which  will  produce* 
matt  textures  are  mutually  dependent,  and  one  being 
known  the  other  may  be  read  oflf  from  this  curve,  or  other 
curves  similarly  prepared. 

ConchiMon. 

To  complete  the  work  which  was  originally  under- 
taken here,  will  require  a  study  of  the  RO  combinations 
on  something  of  the  same  lines  as  has  been  followed  in 
the  preceding  study  of  the  silica  and  alumina.  This  has 
been  undertaken  and  considerable  progress  has  be<*n  made*, 
but  it  is  not  yet  ready  for  presentation. 

Summing  up  then  tlie  resnlts  of  the  work  here  pub- 
lished, we  may  say: 

(1)  That  matt  glazes  of  good  texture  and  orna- 
mental appearance  may  be  produced  at  temperatures  rang- 
ing from  Cone  2  to  Cone  11,  and  probably  a  still  lower  and 
still  higher  temperature,  within  the  following  ranges  of 
composition : 

A.  C.  S,— 24 
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0.05  to  O.IO  PbO  \ 

0.05  to  O.IO  ZnO  I 

0,10  to  0.20  KsO  >     0.20  to  0.40  AhOs       1.20  to  2.40  SiO- 

0.45  to  0.35  CaO  I 

0.40  to  0.30  BaO  / 

(2)  That  inoroase  of  the  lead  or  alkalies,  and  reduc- 
tion of  the  alkaline  earth  or  alumina,  tends  to  bring  about 
a  glassy  structure. 

(3)  That  increase  of  silica  in  any  glaze  belonging 
to  this  category,  especially  if  accompanied  by  higher  tem- 
peratures, tends  to  produce  glassiness. 

(4)  That  alumina  does  not  appear  to  have  inherent 
power  to  produce  mattness,  different  from  that  of  the 
alkaline  earths  and  possibly  zinc  oxide. 

(5)  That  mattness  in  glazes  of  the  type  shown  in 
(1)  seems  to  be  a  function  of  the  maturity  of  the  glaze, 
and  that  so  far  as  we  have  gone,  all  these  matt  glazes  are 
capable  of  forming  bright  transparent  and  permanent 
glazes,  where  the  temperature  is  sufficient. 

(6)  That  the  maturity  of  the  glaze  (and  therefore 
its  mattness)  is  direcaly  a  function  of  its  oxygen  ratio, 
and  the  tem])eroture.  Either  one  of  these  factors  being 
known,  the  other  may  be  determined  from  the  charts  or 
from  the  curve  given  in  Plate  V.  Assuming  an  alumina 
content  and  a  temperature  of  firing,  the  correct  silica  con- 
tent may  be  read  olT.  Assuming  a  silica  and  alumina  con- 
tent, the  correct  temperature  may  be  read  off. 

It  is  hopcHl  that  further  work  on  this  line  by  others 
may  serve  to  extend  the  range  of  compositions  to  which 
these  principles  are  known  to  apply,  and  also  to  confirm 
such  of  the  above  generalization  as  may  now  seem  to  rest 
on  too  little  evidence. 

DISCUSSION. 

J/r.  Mayer:  Mr.  President,  T  never  made  any  matt 
glazes  for  commercial  purposes.  I  have  made  some  few 
experiments,  and  any  work  I  have  done  along  that  line 
has  been  in  the  direction  of  increased  alumina.  I  have  no 
figures  or  data,  but  I  remember  T  got  up  exceedingly  high. 
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It  s(H»mod  to  me  that  the  ordinary  ghize  with  excess  of 
alumina  prodncHl  a  very  g^ood  matt  jjlaze — simply  taking 
the  ordinary  ghize  and  loadinj>:  it  up  pretty  well  with 
alnmina.     Outside  of  that  I  have  not  (»xi)erinuMited  at  all. 

.!//•.  Hottinf/rr:  I  do  not  know  whether  1  want  to 
discuss  a  jmper  of  tiiat  kind  without  some  study.  It  sec*ms 
to  me  the  accepted  tlieory  of  making  nuitts  is  taking  any 
glaze  and  putting  alumina  in  it.  The  type  of  glaze  which 
Professor  Orton  gives,  the  latter  tyi)es,  1  do  not  know  any- 
thing ab(mt.     I  nev(T  experimented  in  that  direction. 

Mr.  I^inni^:  I  have  had  (piite  a  series  of  exp(*riences 
in  nmtt  glazes  of  many  types.  In  fact,  I  think  I  was  re- 
sponsible for  the  theory  that  the  constitution  of  matt 
glazes  consisted  in  the  formation  of  aluminates  in  mutual 
solution  with  the  silicates.  Nothing  which  Professor 
Orton  has  siiid  has  led  me  to  change  that  view.  I  have  not 
seen  the  samples,  but  my  experien(»e  has  shown  me  this, 
that  a  matt  glaze*  is  always  hungry  for  silica.  It  does  not 
matter  much  wliat  the  basic  content  is,  but  if  you  expose 
a  nuitt  glaze  to  a  surface  from  which  it  can  dissolve  silica, 
it  will  turn  itself  into  a  characteristic  bi-silicate  and  turn 
bright;  and  es[)e('ially  if  the  ware  is  glazed  somewiiat 
thinly.  In  order  to  secure  the  constitution  and  quality  of 
a  matt  glaze,  it  must  be  piled  as  thickly  as  possible  on 
the  ware.  I  (h>  not  believi*  a  matt  glaze,  if  it  is  quite  thin, 
has  the  true  nature  of  a  matt, — an  overcharged  glaze, 
fusible  under  other  ccmditions,  or  an  immature  glaze, 
which  amounts  to  the  siuue  thing.  The  oxygen  ratio 
pointed  out  in  my  first  i)a[)er  still  obtains  within  very 
narrow  limits.  The  first  ratios  Prof(\^sor  Orton  put  on  the 
board  are  both  sescpii silicates.  That  ratio,  within  very 
narrow  limits,  will  ccmstitute  a  matt  glaze.  But  if  put  on 
thinly,  it  will  beconu*  bright.  I  have  made  many  matt 
glazes,  and  all  are  constructed  on  that  principle. 

I  noticed  that  Professor  Orton  statnl  that  he  used 
barium  oxide. 

Ifr.  Worcrsfrr:     We  use<l  barium  carlionate. 

Afr.  Biiins:     Professor  Orton  said  oxide.    If  you  will 
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consult  a  chemical  authority  you  will  find  that  barium 
cliiigg  to  carbon  dioxide  with  great  tenacity.  It  is  more 
difficult  to  drive  a\i'ay  carbon  in  combination  with  barium 
than  with  calcium.  If  you  make  up  a  fritt  with  calcium 
and  another  fritt  with,  barium,  the  Imrium  will  melt  more 
(juickly  than  the  calcium ;  but  if  you  make  a  raw  glaze  of 
the  barium  carbonate,  and  one  of  the  calcium,  the  calcium 
will  fuse  more  quickly.  I  a(!(*ount  for  it  by  the  fact  that 
it  is  very  difficult  to  remove  (*arbon  dioxide  from  barium. 
For  that  reason,  I  found  that  barium  departs  from  the  rule 
I  stated.  That  is,  while  keeping  somewhere  near  the  ratio 
used,  you  must  use  a  lower  silica-alumina  content  where 
the  glaze  contains  barium  than  where  it  does  not.  This  I 
think  will  account  for  some  of  the  somewhat  erratic  be- 
havior notc^.  This  will  no  doubt  be  brought  out  somewhat 
further  when  Professor  Orton  prepares  his  paper  for  jMib- 
lication. 

Mr.  Stull:  Concerning  Professor  Binns'  statement 
that  mattness  is  due  to  the  formation  of  aluminates,  it 
seems  to  me  that  the  aluminates  are  very  unstable,  except 
the  spinels  formed  at  high  temperatures.  Now,  I  have 
completely  dissolved  the  glazes  off:'  from  two  beautiful  matt 
vases  bringing  high  prices  in  the  market.  I  think  I  can 
show  a  matt  trial  which  contains  no  alumina,  and  two 
molecules  of  silica  and  one  RO.  Another  thing  I  can  show 
is  matt  glazes  with  two  silica  and  no  alumina,  and  .3  tin. 
I  would  like  to  ask  Prof.  Binns  to  explain  how  this  is  pos- 
sible if  mattness  is  due  to  the  formation  of  aluminates? 

Professor  Binns:  I  do  not  want  to  be  construed  as 
saying  that  matt  glazes  are  never  formed  of  anything  else 
but  aluminates.  The  first  case  cited  by  Mr.  Stull  is  a  case 
of  crystallization.  In  the  second,  with  tin,  we  have  in  all 
probability  a  form  of  crystallization  alsp. 

il/r.  Stull:  The  glaze  with  the  mattness  due  to  the 
presence  of  tin  matured  at  Cone  05.  The  one  which  had 
neither  tin  nor  alumina  and  two  of  silica,  matured  at  Cone 
7:  and  neither  one  could  be  dissolved  with  acid.  My  idea 
of  a  true  matt  is  a  crystalline  glaze,  one  that  has  a  wide 


